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ON THE GENETIC ENERGY OF ORGANISMS.* 

For several years the conviction has been 
growing moreand more definite in my mind 
that the fundamental principle in vital 
phenomena is to be found in variation 
rather than in heredity. The first time 
this opinion was definitely expressed in 
print was in ‘ Geological Biology’ (1894): 
“Variability is thus assumed to be an in- 
herent characteristic of all organisms, and 
origin of species has primarily to consider 
how comparative permanency of characters, 
and of different sets of characters in differ- 
ent lines of descent, is brought about” 
(p. 184); and: “‘ The search has been for some 
cause of variation ; it is more probable that 
mutability is the normal law of organic 
action, and that permanency is the acquired 
law,” etc. (p. 297). Two years later Pro- 
fessor L. H. Bailey said in his ‘The Sur- 
vival of the Unlike’ (1896): “In other 
words, I look upon heredity as an acquired 
character, the same as form or color or sen- 
sation is, and not as an original endowment 
of matter” (p. 23). Perhaps others have 
published the same conclusion, but, if so, 
I have not elsewhere seen the point ad- 
vanced as a scientific proposition. 

The conviction was reached on my part 
through studies in paleontology. As early 
as 1881 I was struck by the evidence of a 


*A paper read before the American Society of 
Naturalists, December 24, 1897, by Henry Shaler 
Williams, Yale College, New Haven, Conn. 
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beginning, adolescence, maturing and old 
age of races of species in the geological 
past, advanced by Hyatt and later elab- 
orated so fully by him and others. I re- 
flected back to the nature of development, 
which such geological recapitulation seems 
to imitate, as a process in which the cellu- 
lar parts of the individuals are undergoing 
a constant process of varying, and I con- 
ceived of the law of recapitulation as an ex- 
tension of the principle of varying first seen 
in the cells of the individual to successive 
organisms. ‘This principle of ‘ recapitula- 
tion,’ which was taught by Agassiz, empha- 
sizes at least the wide applicability of vari- 
ability in organic processes. 

I have been testing, in all conceivable 
ways, the application of this theory to the 
facts of biology for the past fifteen years, but 
for only a short time have I been aware of 
the revolutionary nature of the conception. 

As I discover no escape from the essential 
validity of the proposition, and because of 
the importance of it for future investiga- 
tions, and because few biologists with whom 
I have spoken seem to understand the im- 
portance of the problem at issue, it may not 
be inappropriate to attempt at this time to 
state the foundation upon which the theory 
appears to rest. 


THE SOURCE OF OUR KNOWLEDGE OF 
ORGANIC PHENOMENA. 

One of the difficulties standing in the 
way of forming clear and distinct notions 
of organic phenomena lies in the fact that 
we are not accustomed to orient them in 
their exact relationship to the current no- 
tions of physical and mathematical science. 

When we contemplate a physical body of 
matter as growing, varying, inheriting, ac- 
quiring characters or selecting, the body 
which performs these acts so far transcends 
anything which the physicist knows about 
simple masses of matter, and the perform- 
ances so far transcend the kind of work he 
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is accustomed to deal with, that, as a phy- 
sicist (whatever his opinion may be of biol- 
ogists), he frankly confesses he has no 
knowledge in the case. Without attempt- 
ing any metaphysical discussion, and with- 
out stating whether the biologist does or 
does not know any more than the physicist 
in the matter, we may join hands with the 
latter in the belief that if anything is 
known about them it can be expressed in 
scientific terms only by an analysis of the 
observed phenomena in the case. 

In seeking, therefore, for the fundamen- 
tal characteristic of a living organism ww 
ask, first, how does it differ, phenomenally, 
from a similar body not organic ? 

If we consider ultimate chemical or 
physical constitution we discover no funds 
mental distinction between a living organ- 
ism and the same body of dead matter. 

The same chemical elements compose 
them ; the same physical properties pertain 
to each. Even mechanically, it is perhaps 
impossible to define wherein they differ. 

When we observe the functions of the 
organism we note certain phenomena in 
the living body not operating in the same 
body after death ; but in all these functions 
we discover none which are not like those 
of dead bodies of matter in this respect that 
a specific amount of equivalent of heat- 
energy is used in their operations, and the 
energy used is transformed from some other 
condition, as in inert matter, and no energy 
seems to be gained or lost in the process. 
Thus in the two aspects of constitution and 
action of the bodies it is difficult, and 
probably it is impossible, scientifically, to 
describe any constant point of difference in 
quality between an organism and a body of 
matter which is not alive. 

There is, however, one point of difference : 
A living body is constantly changing in its 
material constitution, while an inert body 
remains the same. An organism persists 
in becoming different so long as it lives, 
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while a mass of matter remains in a state 
of rest or of uniform direction of motion, 
except as compelled by some outward force 
to change that state. 

It may be objected, here, that this differ- 
ence is a subjective one, and has no objec- 
tive reality, in that a body, of which the 
substance is undergoing change, cannot be 
regarded as strictly the same body after as 
before the change. 

If the objection be valid we must still 
remember that it is such a changing phys- 
ical body which grows, inherits, acquires 
characters, etc., that we are studying. 

But whether the objection be valid or 
not, it is essential to keep our attention on 
the objective reality, the living organism, 
whatever difficulties we may have sub- 
jectively ; and the one group of phenomena 
which the live organism exhibits character- 
istically is that of becoming different. 

It is, then, this distinguishing character- 
istic of the living body—its becoming dif- 
ferent—that constitutes the point of view 
from which it is believed the true relaticns 
of the organism to other physical bodies 
may be seen. 

Most biologists, I suppose, are accustomed 
to treat. of living organisms as if they were 
simple physical masses of matter exhibiting 
their peculiar phenomena solely on account 
of their peculiar organization, including 
under that term molecular arrangement of 
the protoplasm as well as molar organiza- 
tion of the body of the individual. This 
conception involves the hypothesis that the 
peculiarity of the phenomena is to be ac- 
counted for by difference in kind, state, 
condition or structure of the component 
matter of the body. 

Starting with such a conception, let us 
examine the phenomena and discover of 
what they consist. 


CLASSIFICATION OF VITAL PHENOMENA. 
In order to distinguish the phenomena 
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of the organism from other phenomena 
and to restrict our attention, let us call the 
peculiar visible phenomena of an organism 
vital phenomena. 

Vital Phenomena may be divided into 
three groups, according to the relation they 
bear to mode of existence. 

A. When the question is: What organisms 
are? the phenomena described in the an- 
swer are found in the sciences of Botany, 
Zoology, Anatomy, etc. ; 

B. When we ask: What do organisms do? 
the phenomena are described under the 
names of Physiology, Physiological Chem- 
istry and Psychophysics. 

C. When we ask: What do organisms be- 


come? the replies are found in Paleontol- 
ogy, Embryology, Evolution and Psy- 
chology. 


This third group (C) of phenomena, be- 
cause they are modes of becoming different 
and ina peculiar sense arise or are gen- 
erated, may be called genetic phenomena. 

The other two classes (A and B) may be 
left out of discussion for the present, be- 
cause their relationships to ordinary physical 
phenomena are sufficiently distinct and 
evident. 

The Genetic Phenomena of organisms are 
of, at least, three kinds; they are de- 
scribed under the scientific categories of 

C' Metabolism, 
C’ Development, 
and C’ Evolution. 

In the phenomena of each of these three 
categories there are two elements, viz.: (1) 
a something which preserves its identity 
and integrity during the phenomena, which 
may be designated by the symbol x; and 
(2) a something which arises during the 
phenomenon and remains as an increment 
to the first; this may be represented by y. 

C'. In Metabolism « stands for the matter 
flowing into the organism from without, 
and constitutes the physical basis of the or- 
ganic body at any particular moment of its 
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existence; y is the complex and instable 
chemical union of the elements, set up in 
anabolism, which represents a definite 
quantity of potential chemical energy, that 
may be set free when the substance falls 
back into the more stable equilibrium of its 
previous condition, by processes of katabol- 
ism, or final decay. 

C’. In Development z is the vitalized pro- 
toplasm and other forms of the organized 
material basis of the organism ; and y is the 
differentiation of cell, tissue and organ, or 
what, in general, is described by the term 
organization of the body of the organism. 

C*. In Evolution z is the individual or- 
ganism, at any particular moment of its 
existence, which lengthens out by processes 
of generation into a series of successive in- 
dividuals ; and y is variation, when a single 
individual is considered, or divergence, 
when the series is considered, of both form 
and function, and results in ‘ modification 
of characters’ and ‘ origin of species.’ 

The genetic phenomena in these three 
categories form a series in which y of the 
first becomes z of the second, y of second 
becomes x of the third; and thus y of the 
third seems to be the direct outcome of the 
matter taken in and appropriated in the 
metabolic process at the beginning of the 
series. This inference would follow were 
it not for a second fact, viz.: that the first 
group of phenomena never (according to 
present knowledge) takes place except when 
the matter flows into a living organism. 
This fact proves that the matter, except for 
" the action of the living organism, would not 
metabolize, but would be simply aggregated 
to the previous mass of the organism, in the 
same condition as when it met the organism, 
Thus it becomes evident that metabolism is 
a function of the organism upon receiving the 
increment of inert matter ; and going on to 
the second category we likewise discover 
that the organizing of the matter is a func- 
tion of the living organism ; and still fur- 
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ther on it is evident that the variation and 
the divergence of characters in evolution 
are functions of living organisms alone. 

In each case the phenomena are alike for 
like conditions of previous living organism, 
but they are unlike for like conditions of 
both the material medium and the ma- 
terial additions derived from without the 
organism. Hence it is proper to say that 
the determination of the genetic phenomena 
may be traced directly to a previous living 
organism, always present and active, and 
not to the conditions of the materials with- 
out at any particular moment of the process. 


NATURE OF AN ORGANIC BODY. 


This brings us to the consideration of another 
problem: What kind of a thing is this organic 
body which exhibits such genetic phenomena ? 

Tait tells us that “In the physical uni- 
verse there are but two classes of things, 
matter and energy.”’ He has further elab- 
orated the proposition in the following 
words: “ Energy, like matter, has been ex- 
perimentally proved to be indestructible 
and uncreatable ~y man. It exists, there- 
fore, altogether independently of human 
sense and human reason, though it is known 


“to man solely by their aid.” 


Again, in the Newtonian formula we have 
the following proposition about matter in 
general, viz.: ‘‘ Every body continues in its 
state of rest or of uniform motion in a 
straight line, except in so far as it is com- 
pelled by force to change that state.” 
With these definitions in our minds, what 
answer can be given to the question: Is a 
living organism an inert body or mass of 
matter ? and second: Is its integrity and in- 
dividuality determined by a compelling 
force? In forming a reply we note the fol- 
lowing particulars : 

1. The matter of a living organism, as 
well as its form or configuration, is con- 
stantly undergoing change, while its integ- 
rity, identity and individuality persist. 
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2. The atomic matter which flows into 
the organism in metabolism suffers change, 
both molecular and in mass, without inter- 
fering with the continuous operation of the 
genetic phenomena of the organism as a 
whole. 

8. The energy which is added to that of 
the organism by way of this acquired 
matter does not determine the course of the 
genetic phenomena, since, as has been 
said, the same matter behaves differently as 
it enters different organisms, and different 
matter is made to behave according to the 
law of the organism which it unites with. 

4, The thing transmitted from parent to 
offspring, through which alone we are able 
to trace the determining power of the ge- 
netic phenomena in each case, cannot be 
' matter alone, for matter is in itself inert; as 
Maxwell tells us: “We are acquainted 


with matter only as that which may have 
energy communicated to it from other mat- 
ter, and which may, in its turn, communi- 


cate energy to other matter. Energy, on 
the other hand, we know only as that which 
in all natural phenomena is constantly pass- 
ing from one portion of matter to another.” 
(‘ Matter and Motion,’ p. 165, 1878.) 

5. Hence it follows that that which de- 
termines the individuality of the genetic 
phenomena of a living body, constitutes the 
integrity of the organism as distinct from 
a mass of matter, and preserves its iden- 
tity through all the changes it undergoes, 
is energy, not matter. 

6. A living organism physically behaves, 
not like an identical mass of matter, but 
like a stream of matter slowly entering and 
departing from the field of some continuous, 
identical form of energy. It behaves like 
& magnet, or a heated body, the phenomena 
exhibted by which are temporary and de- 
termined by what is called a particular form 
of energy resident for the time in the mass, 
and not determined by the particular ma- 
terials, or arrangement of materials, of 
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which the body is composed. Whenever 
the non-living matter from outside enters 
the living organism it exhibits for the first 
time the vital phenomena, and when it 
passes out of the field of the organism these 
peculiar phenomena cease and are not set 
up again till the matter comes again into 
the field of a living organism. Thus the 
physicist explains the color of an opaque 
object, not as the property of the material 
body as such, but as a phenomenon pro- 
duced by the reflection of light energy by 
the body. The matter has color only as 
illuminated from without by light energy. 


A GENETIC FORM OF ENERGY. 


This train of analysis leads to the recog- 
nition of a genetic form of energy, on the princi- 
ple of classification used in physical science. 
The physicist already recognizes the three 
forms—chemical, molecular and molar en- 
ergy. The basis of that classification is the 
distinction between the three kinds of ma- 
terial units whose relation to each other, in 
each case, is disturbed in the phenomenal 
expression of energy of the several forms. 
Chemical energy is expressed when the re- 
lation of atoms changes. Molecular energy 
is the form of the energy when molecules 
change their relations; and it is molar 
energy which is exhibited when bodies or 
masses of matter change their positions in 
relation to each other. The genetic phe- 
nomena, above described, differ from the 
phenomena of each of the three classes 
named in that they concern changes of re- 
lation of living organic bodies only. It 
seems, therefore, appropriate, on this basis 
of classification, to speak of genetic energy 
as a fourth form of energy of equal rank 
with the chemical, molecular and molar 
energies of the physicist. 

The recognition of this peculiarity of 
genetic energy gives at once rational mean- 
ing to such terms as doing, varying, acquir- 
ing, etc., which are appropriate when ap- 
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plied to organisms, but have only figura- 
tive meaning when applied to any other of 
the classes of matter or material bodies. 
When a living organism is compared with 
a mechanical engine we note, first, that the 
work done by the machine is all accounted 
for by (a) the amount of coal burned and 
other potential energy entering in a sim- 
ilar way ; and, second, that the construction 
(what Maxwell called the ‘ configuration of 
the mass’) of the machine is accounted 
for by (6) the energy of the laborers 
expended in building it, together with (c) 
the potential energy of the bodies of matter 
used in the construction. But after bal- 


ancing all these resources with the corre- 
sponding work accomplished, there still ap- 
pears an item of cost of energy that has 
gone into the machine which must be rep- 
resented also on the side of work done, viz.: 
(d) the designing of the architect. 
Employing the same evidence which Tait 


deemed to be valid as a proof of the objective 
reality of energy, i. ¢., the price of labor, 
we discover that the architect’s labor must 
be accounted for in the work done, or 
else it was wasted energy. Furthermore, 
because, on the potential side of the 
account, we are able to sharply distinguish 
the designing from the constructing of the 
engine, we are authorized to reckon them 
as separate elements in the cost of the work 
done. It is to be noted that thé particular 
kind of work performed by the architect, 
although it involves motion, is not strictly 
, Speaking any particular mode of motion, 
which may be measured in terms of horse- 
power, though measurable in terms of man- 
power. This may explain the reason why 
no account of his work is taken in estimating 
the potential energy of a machine. Never- 
theless, all know that it requires the ex- 
penditure of energy which has a price, and 
is exerted only by a living organism. 

If designing costs energy in the con- 
struction of a physical machine, is it not 
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reasonable to look for a similar expendi- 
ture of energy in the construction of a 
living machine? In the phenomena of an 
organism we find the same groups of ex- 
penditure involved in the work done, 
These expenses are (a) the outside energy 
of heat, etc., of the food consumed; (0) the 
energy used in tissues exhausted in growth 
of construction ; (c) that of the materials 
built into the structure with their potential 
energies abiding with them. These three, 
like the first three in machine construction, 
are accounted for on both sides of the 
equation. There remains to be considered 
the fourth group (d), viz.: that which cor- 
responds to the designing of the machine and 
the potentiality of work consequent upon 
the designing. It will now be evident that, 
in the organism, that group of phenomena 
classified above as genetic constitutes this 
fourth group. The importance of, and the 
direction in which successful search for the 
source of genetic energy is likely to be 
made, are suggested by the following three 
facts. First the chief aim of biological in- 
vestigations for the last half century has 
centered about the search for exactly this 
determining cause of the particular form of 
construction of organisms. This, in itself, 
is sufficient evidence of a prevailing belief 
that some such cause is to be naturally ac- 
counted for. Secondly, the main points of 
construction of a particular organism cor- 
respond to those of the parent organism, and 
not to anything in the material of which it — 
is constructed, is sufficient to suggest the 
direction from which the energy comes 
which determines the construction. A 
third fact, that the three kinds of genetic 
phenomena (metabolism, development and 
evolution) are but elaborations of a single 
mode of operation, further points to the 
probability that the determining energy in 
question is the same for each. And all 
these considerations seem to lead directly to 
the conclusion, that some form of energy 
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must be predicated for the purely genetic 
phenomena of organisms, to account, that 
is, for the particular course of development 
followed by each species, and the particular 
course of divergence seen in each line of 
evolution. These conclusions seem to rest 
on as valid a foundation as that the visible 
colors of bodies are determined by light 
energy, or that the temperature phenomnena 
of physical bodies are determined by heat 


energy. . 


APPLICATION OF THE THEORY OF GENETIC 
ENERGY. 


The application of this theory of genetic 
energy will become evident by attempting 
to distribute, in accordance with it, such a 
set of vital phenomena as are grouped to- 
gether in Darwin’s list of factors of evolu. 
tion. In the ‘Origin of Species’ Darwin 
gave the following brief summary of the 
factors entering into the origin of species: 

“ These laws, taken in the largest sense, 
being growth, with reproduction ; inherit- 
ance, which is almost implied by reproduc- 
tion ; variability, from the indirect and di- 
rect action of the external conditions of life, 
and from use and disuse ; a ratio of increase 
so high as to lead to a struggle for life, and 
as a consequence natural selection, entail- 
ing divergence of characters and the extinc- 
tion of less improved forms.” 

In this list eleven distinct factors are 
named. The question arises: What is the 
place of each in a system of vital phenom- 
ena in which variability is assumed to be 
the most fundamental of all ? 

The first factor, growth, in so far as it in- 
cludes the material increase of the living 
body by the acquirement of matter from 
outside, and the reduction of it to a living 
state in metabolism, is one of the three 
forms of the fundamental genetic phenom- 
ena of variability. 

The second factor, reproduction, is made 
up of two distinct phenomena: (a) the act 
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of separating a living body into two or more 
distinct units, precisely called generation ; 
and (5) the process by which the individual 
body is constructed after the fashion of its 
immediate ancestors, precisely called de- 
velopment. (a) The first, generation, is a 
mechanical phenomenon, not necessary or 
fundamental to all living ; for it is not con- 
tinually occurring, nor is it possible to occur 
till after some degree of development is 
accomplished. Hence, we may assume that 
it is an acquired phenomenon, i. ¢., an ex- 
pression of interaction between the genetic 
energy of the organism and the energies of 
the materials of construction and the en- 
vironment. (5) The second, development, is 
the second form of the fandamental process 
above described, and is a necessary and 
universal characteristic of all living bodies. 
In Darwin’s list the phenomena of develop- 
ment are partly included under the term 
growth, but material increase is not neces- 
sarily development. Metabolism is the 
acquirement and vivifying of inert matter 
by and into* an individual organism; de- 
velopment is the differentiation of this mass 
into increased complexity of organization 
and function. 

The third factor, inheritance, is the name 
for the law observed in the course of devel- 
opment by which the living body success- 
ively assumes the characters of the other 
body from which it was separated in gener- 
ation. This law of repetition of the char- 
ters of ancestors cannot be a fundamental 
phenomena, because if it were strictly car- 
ried out no development would take place, 
and evolution results only by ignoring or 
transgressing the law of inheritance. We 
must assume, therefore, that inheritance is 
acquired, and in any series of organisms 
the law of inheritance became operative 
only after generation had arisen, and after 
the attainment of some degree of inequality 
had been reached {between parent and off- 
spring at the point of the act of generation, 
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i. ¢., the parent organism must be more de- 
veloped than the germ cell it propagates. 
Inheritance is the completing of the devel- 
opment of the germ as a separate body after 
generation in the likeness of the parent 
from which it was separated. 

The fourth factor, variability, is the 
primary genetic phenomenon of all organ- 
isms which, in a particular case, relatively 
or entirely ceases with the acquirement of 
inheritance in the course of development, 
or with the acquirement of fixation and 
permanence of specific form in evolution. 
It may be regarded as the most direct and 
characteristic expression of genetic energy. 

The next three factors, ratio of increase, 
struggle for life and natural selection, are, 
as vital phenomena, of a purely secondary 
nature. Each of them implies the previous 
operation in the same organism of develop- 
ment, variation and the acquired phenom- 
enon of generation. The discussion of these 
factors, though of extreme interest for 
other purposes, and by many considered to 
be the chief causes of evolution, do not ap- 
pear as true determining causes of modifi- 
cation, but causes rather of removal from 
the field of such organisms as cease to con- 
tinue in the race. This point was granted 
by Darwin, as Cope reminded his readers 
in ‘Primary Factors of Evolution.’ He 
held that natural selection does not induce 
variability; ‘it implies only the preserva- 
tion of such variations as arise and are 
beneficial.’ 

In making this statement it is important 
to note the distinction between variability 
and variation. A variation which is trans- 
mitted or preserved by natural selection 
loses its variability exactly to the extent 
of its preservation ; therefore, natural selec- 
tion checks variability. 

The factors of indirect and direct action 
of the external conditions of life, and 
use and disuse, which in the Darwin- 
jan and Lamarckian theories of evolu- 
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tion play so important a part as causes 
of variation, cannot hold their place of 
supreme importance if, as is here main- 
tained, variation be the fundamental factor 
in genetic problems. From this latter 
point of view the organism is conceived of, 
not as passively shaped by the conditions of 
environment, but as finding its fundamental 
function in actively occupying environ- 
ment; and adjustment is a positive active 
process involving constant modification. 
Adjustment is, thus, a result of successful 
varying, rather than varying a result of 
maladjustment. From this point of view 
the factors, external conditions of life, use 
and disuse, struggle for life, and natural se- 
lection, though operative in determining the 
course of developmental construction of the 
organism, are effective in the way of limit- 
ing, réstricting, giving permanence to and 
making hereditary the characters which 
arise by the direct activity of genetic energy. 

The tenth factor, divergence of charac- 
ters, which by Darwin was _ conceived 
of as the direct result of the action of the 
above factors, is, according to this view, a 
characteristic genetic phenomenon, taking 
place with greater or less rate of progress 
in every organic series. It is organic 
evolution, proper, and consists in the ac- 
quirement, by a particular living organism, 
in the course of its individual development, 
of characters not possessed by its ances- 
tors. The firsé step in such evolution is 
necessarily variation. 

This analysis of the Darwinian factors of 
evolution presents us with two classes of 
phenomena, viz.: 

I. Three of them are fundamental phe- 
nomena exhibited by every living organic 
body, and it would appear (although not 
always visibly, still theoretically) continu- 
ously during active existence of the organ- 
ism. These have been called genetic phe- 
nomena, because they are constantly result- 
ing in genesis of changed state, condition or 
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form of the bodies exhibiting them. They 
are: (a) Growth, strictly speaking Metabo- 
lism ; (6) Development (the second part of 
the factor called Reproduction by Darwin), 
and (c) Divergence of Character—properly 
Evolution—which includes the phenomena 
of variation. 

II. The second group of factors are all of 
a secondary nature. They are: (a) the first 
part of Reproduction, i. ¢. Generation, 
which is seen in its simplest form in Mitosis, 
next in cell-cleavage,in which the process 
results in producing two more or less equal 
and similar parts; and only in organism 
of some degree of differentiation in struc- 
ture does it result in true generation through 
the formation of immature germ-cells, which 
continue development along hereditary 
lines of generation ; (5) Inheritance, which 
cannot take place till inequality between 
germ and parent is already attained at the 
time of generation, and the attainment of 
this inequality cannot be primitive; (c) 
Ratio of Increase; (d) Struggle for life, and 
(e) Natural Selection, none of which can 
occur till after generation and inheritance 
have resulted in the production of antagon- 
istic individuals. 

The fundamental genetic phenomena of 
the first group are related to each other, 
and therefore distinguished, in the same 
way as the fundamental phenomena of non- 
living matter are related and distinguished 
in chemical, molecular and molar groups. 
Metabolism pertains to changes in the mo- 
lecular relations of the contents of a living 
cell; Development pertains to transmuta- 
tions of the cellular contents (as cells, tis- 
sues and organs) of a living unit, i. e., the or- 
ganic individual ; Evolution pertains to the 
modifications of the individual members of 
a genetic series of successive organisms. 
These three forms of genetic phenomena 
are alike in that they all consist in the modi- 
fication or change in the mode of action or 
fanction of the body expressing them. 
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In Metabolism, molecules, which in nor- 
mal chemical phenomena (not organic) have 
been at rest, or passing into or toward con- 
ditions of more stable equilibrium, in vital 
phenomena pass upward into more unstable 
combinations. I speak, of course, of the an- 
abolic phenomena of metabolism. 

In Development, bodies, which under the 
influence of physical forces would move to- 
ward a state of greatest rest and equilibrium, 
are in the living body actively engaged in 
changing position and overcoming resisting 
forces. 

In Evolution, series of bodies, normally 
revolving in adjusted cycles of generational 
reproduction are slowly departing from the 
hereditary course of these cycles, and ac- 
quire new characters which their ancestors 
did not possess. 

The recognition of the fundamental na- 
ture of this principle of varying, or trans- 
mutation, in living bodies not only ties to- 
gether all the vital phenomena into a 
consistent system of correlated processes, 
but it brings their phenomena into a natural 
relationship to the normal phenomena of 
inorganic matter. 

The path by which these conclusions are 
reached is not a new one, but is simply an 
extension of the same line of thought which 
a century ago led to the overthrow of the 
Cuvierian notion of species. The mutability 
of species was a necessary preliminary step 
in the formation of a clear notion of organic 
evolution. We must carry the idea one 
step further and recognize the essential 
mutability of the organism. As in the last cen- 
tury the whole classification of organisms 
was based on the theory that the species 
was an immutable unit, so at the present 
time the whole classification of biological 
phenomena is based on the assumption that 
heredity is a fixed immutable law. The prin- 
ciple of mutability must be recognized in the 
phenomena of development before we can 
rightly comprehend the laws of organic life. 
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Variability is the expression of the funda- 
mental energy of the organism, and is not 
an irregular accident. Heredity is the ex- 
pression of the acquired adjustment of the 
organism to the conditions of its existence. 
Mutable heredity sounds like a contra- 
diction ; so did mutable species a century 
ago; but it is only as heredity is mutable 
that evolution is possible. 


THE MEASUREMENT OF SMALL GASEOUS 
PRESSURES.* 

Prior to the invention of the McLeod 
vacuum gauge, the measurement of even 
moderately small gaseous pressures was 
difficult, and subject to large errors. The 
introduction of the McLeod gauge, however, 
early in the seventies, seemed to solve the 
problem. In its ordinary form, and for 
most purposes, this beautiful instrument 
admirably serves the purpose for which it 
is designed. But when very accurate meas- 
urements of pressures as small as a few 
millionths only of atmospheric pressure 
are desired, its performance is extremely 
unsatisfactory and vexatious. As is well 
known, the chief cause of the difficulty is 
the unequal and variable capillary depres- 
sion of the two small columns of mercury, 
whose difference in height indirectly serves 
as the measure of pressure. Accurate 
measurement of this capricious difference 
obviously avails nothing. 

Three or four years ago I was engaged 
in an investigation requiring frequent and 


,simultaneous measurements of slight but 


different pressures in two large glass globes 
connected by a capillary tube. For this 
purpose I constructed and carefully cali- 
brated two large McLeod gauges. The in- 
ternal diameter of the mercury tubes was 
about three millimeters, and they were 
made from contiguous parts of the same 
glass tube selected for uniformity of bore. 

* Read before the American Association for the Ad- 
vancement of Science, August 12, 1897. 
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These gauges were often compared by 
measuring the same vacuum with both, 
but they rarely gave concordant results. 
Indeed, it was not uncommon at high ex- 
haustions for one or the other of them to 
indicate a negative vacuum ; that is to say, 
less than no pressure at all. The case of 
these two gauges is cited because of the op- 
portunity they afforded for comparison. In 
prior work I had, like most experimental- 
ists, used but one gauge, and, while always 
suspicious of its indications, had no means 
of knowing how large its errors might be. 

The phenomenon which I next desired to 
investigate is the spontaneous evolution of 
of gas from glass and other surfaces in high 
vacua. For this purpose an accurate and 
entirely reliable means for measuring very 
small pressures was necessary, because I 
could not afford to wait months or years for 
the evolution of sufficient gas to be detected 
with certainty by the old gauges. To meet 
these requirements, I designed, constructed, 
and learned how to use, the modified form 
of McLeod gauge, which it is the purpose of 
this paper to discuss. 

The diagram herewith shows the essen- 
tial parts of my apparatus. The bulb A, of 
the gauge, is made conical in its upper part 
to avoid adhesion of gas bubbles when the 
mercury rises. This bulb holds about 
eleven pounds of mercury. 5b and C are 
the gauge head and comparison tube re- 
spectively. They are nearly twenty milli- 
meters inside diameter, and are made from 
contiguous parts of the same carefully se- 
lected tube. D is the usual air trap, and 
E is a long glass tube, with flexible pure 
rubber connections to the lower end of the 
gauge stem and the mercury cistern F. 
The latter is mounted on a carriage G, 
which moves vertically on fixed guides. 
The height of the carriage is adjustable, at 
the upper end of its range of motion, by 
means of screw H, thumb-nut I and forked 
support K. The screw is pivoted to the 
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carriage, so that it may swing out of the 
fork when the carriage is lowered. Lisa 
pinch-cock with screw for regulating the 
flow of mercury, or stopping it altogether, 
while pumping out the trap D. N is a 
bulb containing phosphorus pentoxide, to 
keep the interior of the gauge and other 
parts of the apparatus perfectly dry. P is 
a very elaborate cathetometer for observing 
the mercury columns in B and C. This 
beautiful instrument has a revolving column 
with vertical scale, and vernier with mi- 
scrope, reading to hundredths of a milli- 
meter. The eye-piece micrometer reads 
directly to hundredths of a millimeter, and 
the divisions on the revolving head of the 
screw are so open, that tenths of divisions 
are easy and certainly estimated by an ex- 
perienced eye, thus permitting the microm- 
eter to be read directly to thousandths of a 
millimeter. Of course the cathetometer is 
permanently located not as shown, but with 
the objective of its telescope equally distant 
from the axes of the tubes B and C, when 
it is alternately directed to them, and at 
such a distance that its micrometer read- 
ings correspond to a millimeter scale. The 
whole apparatus is located in a basement 
room, on a stone floor, whereby vibrations 
are reduced to a minimum. 

The most important part of the gauge is 
the head B. The purpose of its great di- 
ameter is the reduction of capillary depres- 
sion in its mercury column. But its size 
necessitates a very close approach of the 
mercury to its upper end, in order to re- 
duce sufficiently its capacity. Yet the re- 
maining space must be measurable by the 
cathetometer, with the utmost precision. 
Hence the zlass must not be distorted by 
heating, and the closed end just over the 
mercury must be sharply defined. In con- 
structing this part of the apparatus, I se- 
lected a piece of heavy tubing which would 
just slip inside of B, with the least possible 
clearance. One end of this tube was closed 
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as squarely as possible by fusion, and then 
ground with fine emery and a suitable tool, 
to a convex spherical surface of a long 
radius. Care was taken to make the cen- 
ter of curvature lie in the axis of the tube, 
and the ground surface was left unpolished 
to facilitate observation. A suitable length 
of the closed end of the tube was then cut 
off, slipped into B, and both tubes were 
fused together at their open ends, as shown. 

For calibrating the head B, a ground 
glass stopper with a capillary duct was 
fitted to its neck, before the latter was sealed 
to the bulb A. The head was then filled 
with mercury by boiling, thus completely 
filling the small space between its wall and 
the cap. After cooling, the stopper was in- 
serted to expel all excess of mercury, and 
the whole weighed. Next the head was 
emptied, and the mercury in the annular 
space distilled out. Again the head was 
very nearly filled with mercury, without al- 
lowing any to get into the annular space, 
and weighed as before; and the space be- 
tween the top of the mercury and the con- 
vex end of the head was very carefully 
measured by the cathetometer. This pro- 
cess of weighing and measuring was re- 
peated several times, with less mercury 
each time. Thus the capacity of a vertical 
millimeter of the head was ascertained, as 
well as the capacity that would remain, if 
the top of the meniscus of mercury just 
touched the convex end of the gauge, above 
it. Finally the neck was sealed to the bulb 
A, and the capacity of head, neck and bulb 
combined was found by weighing them 
empty, and again filled with mercury. 

For lighting the top of each mercury col- 
emn, @ narrow horizontal slit in an opaque 
screen, R is used. The slit is covered with 
a strip of ground glass and obliquely illu- 
minated by an electric lamp. The screen 
and slit are vertically adjusted by a thumb 
screw 8S. The heat of the lamp is pre- 
vented from reaching the mercury col- 
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umns and head B, by a thick screen. This 
is very necessary. 

' In order to get the best results from the 
apparatus, many precautions are necessary. 
After filling A and B with mercury, time 
must be allowed for the compressed gas to 
cool. The effect of changing barometric 
pressure is nearly eliminated by so regu- 
lating the quantity of mercury in F, that 
its surface is in the small tube at the bot- 
tom of the cistern, when the gauge is prop- 
erly filled. Its area is then very small, as 
compared with that in B and C. The 
height of the meniscus in both tubes is 
easily adjusted sensibly equal, by a little 
manipulation. I always raise the mercury 
above the point at which readings are to be 
taken, and then lower it, so as to read on a 
falling meniscus. This is highly important. 

Some trouble was occasionally experi- 
enced at first, from electro-static induction 
between the mercury in B, and the glass 
above it. This was shown by distortion of 
the miniscus when it was brought very 
near the glass. The difficulty was par- 
tially, but not wholly remedied by putting 
mercury in the outside open end of the 
gauge head, and connecting it by a flexible 
conductor with the mercury in the cistern 
F. A complete remedy was effected by 
moistening the inside of the gauge head 
with a dilute solution of phosphorus pen- 
toxide. This became completely dried by 
the anhydrous phosphorus pentoxide in N, 
but was, of course, not dehydrated, and 
hence always remains conducting, and dis- 
sipates the static charge. 

Large pressures, up to a thousand mil- 
lionths or more, are readily measured with 
this apparatus, by finding with the cathe- 
tometer the distance between the mercury 
in B, and the end of the head above it; 
from this is quickly calculated the neces- 
sary multiplier for the number of milli- 
meters difference in height between the 
columns B and C, also measured by the 
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cathetometer, in order to express the result 
in millionths. For very small pressures, 
the micrometer wires are set at such a dis- 
tance apart as to give a convenient con- 
stant (usually 2), and the column in B is 
adjusted this distance away from the glass, 
careful allowance being made for the thick- 
ness of the wires. Then the micrometer is 
used for repeated measurements of the dif- 
ference in height of the mercury in B and 
C. The disturbing effect of -bias is entirely 
eliminated by giving the micrometer screw 
a partial turn after each reading. Thus 
the next measurement is made without any 
knowledge of its difference from the pre- 
ceding one, until the eye is removed from 
the telescope. 

In my early experience with the appar- 
atus, unusually careful measurements of 
very small pressures Were often made, to de- 
termine how far its indications might be re- 
lied upon. In this connection I quote as fol- 
lows from my notes, under date of February 
20, 1895, concerning the last one of a series 
of pressure determinations: Following is 
the last reading in detail, showing the ex- 
treme accuracy of these measurements: 


-432 M. .438 M. 441 M. 
441 ‘* 4335 ‘ 429 “ 
4335 ‘ 4275 “ -4305 ‘* 
— 450 “ 435“ 
4335 “ 4425 “ 432 “ 
4395 “ 432 “* 4185 “ 
4305 * 435“ 435“ 
441 “ 432 453 
435 4215 “ 4425 ‘ 
435 * 4245 ‘* 438 “ 
Means .....- 4347 * 43365 ‘‘ 43545 ** 


‘“‘ Mean of all the readings, .4346 M. 

“‘ Readjusted zero point of micrometer be- 
fore each reading of each set. Partially 
emptied gauge and readjusted capillary 
depression before each set of readings. 
The first series has no known source of 
error. The second and third series were 
made during wind squall, and surface of 
mercury was often tremulous. In. the 
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third series, capillary depression was per- 
ceptibly though very slightly unequal, in 
direction to make readings too high.” 

In the above quotation ‘M’ means mil- 
lionths of atmospheric pressure. The cal- 
culated probable error of the thirty read- 
ings taken together, is only ninety-two 
hundredths of a unit in the third decimal 
place ; that is to say, less than a thous- 
andth part of a millionth of atmospheric 
pressure. The probable error of the three 
mean results, considered as single readings, 
is only eleven hundredths of a unit in the 
third decimal place of millionths. The net 
result may be expressed as follows, in terms 
of atmospheric pressure: Considered as 
thirty measurements : 

0.000 000 434 60 + 0.000 000 000 92. 

Considered as three measurements : 

0.000 000 434 60 + 0.000 000 000 11. 

Here we have the measurement of a total 
quantity of less than half a millionth of at- 
mospheric pressure, with a probable error 
of only about a fifth of one per cent. of the 
quantity measured. 

To show how small is the effect of vari- 
able capillary depression in the large mer- 
cury columns, the following measurements 
were made July 25, 1897. No correction 
was made of accidental capillary differences, 
but the columns were always observed with 
a falling meniscus. The zero of the microm- 
eter was freshly adjusted for each reading, 
and before each of the six sets of readings 
the mercury was lowered and then read- 
‘ justed to the proper height in the gauge 


head. 
M M. M. M. M. M. 


2.210 2.203 


2.209 2.198 2.198 2.202 
204 .195 .202 .203 .204 .198 
-209 «.198) = 204s: «.208—Ss(i«w200—s«=#«1986 
203 «.204)= «210s 200s: «196 ~=— «.208 
203 .192 .202 .198 .196 .203 


Means 2.2058 2.1984 2.2054 2.2014 2.1988 2.2014 
Calculating the probable errors we have: 


Six mean readings...... 2.20187 M. + 0.00073 M. 
All readings .........+.. 2.20187 ‘* + 0.00059 ‘ 
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The effect of not equalizing the capillary 
depression is very apparent when these re- 
sults are compared with the earlier ones 
quoted. But on account of increased skill- 
fulness of observation, due to long experi- 
ence, the individual readings of each set are 
more uniform than before; so that the net 
result is better. 

In this example, we have the measure- 
ment of about two millionths of atmos- 
pheric pressure, with a probable error of 
only one part in three thousand, of the 
quantity measured. 

From the foregoing, we may safely con- 
clude that with the apparatus described, 
small gaseous pressures may be easily meas- 
ured, with a probable error of less than a 
thousandth part of a millionth of atmos- 


pheric pressure. 
Cuaries F. Brus. 
CLEVELAND, O. 


SOME THOUGHTS CONCERNING THE TEACH- 
ING OF CHEMISTRY. 

In the preface to a short set of ‘ Notes 
Upon Qualitative Analysis,’ recently pub- 
lished, I made use of the expression: 
“There is small doubt that, were it not for 
the expense of printing, every teacher of 
chemistry would use a text-book made by 
himself with either pen or scissors.” 

In a review of the little book which 
afterwards appeared in one of the foreign 
journals, the critic referred to the above 
sentence, with the added remark : ‘ Sad, in- 
deed, if true!’ He who wrote the criticism 
is a distinguished chemist, for otherwise his 
opinions could not find place in so eminent 
a journal; but the thought crosses me: Is 
he a teacher? There is a tremendous dif- 
ference between the specialist who never 
enters the class-room and the trained in- 
structor who but rarely leaves it. 

A man may rank in the highest grade as 
a scientist, and yet be nothing of a teacher ; 
he may beskillful to the last degree in map- 
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ping out a line of inquiry tending towards 
the solution of one of nature’s mysteries, 
and yet be a mere tyro in the art of impart- 
ing his knowledge to a class of students. 
It was the writer’s fortune, when a student, 
to have for an instructor a man of world- 
wide reputation ; but, great as the man was 
as an investigator, he was a very indiffer- 
ent ‘professor.’ It has been my privilege 
from time to time to attend lectures given 
to undergraduates by men who, although 
not professed instructors, stand, neverthe- 
less, at the very forefront of their respective 
professions ; and it has greatly interested 
me to note how different their mode of pres- 
entation commonly is from that followed 
by men more in the habit of meeting an 
audience of such a character and more 
familiar with its peculiarities and methods 
of thought. 

It is trite to say that teaching is a dis- 
tinct specialty, and that to teach well is 
the gift of comparatively few; but the 
fact remains pertinent, notwithstanding its 
triteness, and is worthy of consideration. 

To return to the quotation, I would say 
that it was written in the light of over 
twenty-two years’ class-room experience, 
and with what I believe to be a pretty full 
knowledge of the wants of the average 
student. 

I cannot by any means agree with the 
critical comment: ‘Sad, indeed, if true!’ 
It is unquestionably true that every teacher 
would find his work more easy of accom- 
plishment could he use a text-book of his 
own arrangement; nor is there any ele- 
ment of sadness connected with this fact. 
The composition of classes and the arrange- 
ment of courses cannot fail greatly to 
modify the treatment of the same subject, 
as presented at different institutions; and 
it would be small praise, indeed, for the in- 
structor were it said of him that he stuck 
to his text-book literally, even though such 
book were of unsurpassed excellence. It is 
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the class-room enlargement of, or variation 
from, the text that is of real value to the 
student, for the points thereby brought out 
are the ones which he cannot readily secure 
by private study. At a New York pre- 
paratory school, where the methods of in- 
struction were as peculiar as they were ex- 
cellent, the writer remembers that the few 
text-books permitted were mostly selected 
because of their poor qualities, in order that 
criticism thereof might make a deeper im- 
pression upon the class. Of course, it 
would be easy to carry such a system too 
far, especially when dealing with advanced 
subjects ; butif the instructor be worthy of 
his position he cannot, and should not, be 
entirely satisfied with the matter exactly as 
it is presented in the best text-book ever 
written. Heshould have his own way of 
presenting his subject, or else he will fail to 
hold his classes. 


** An ill-favored thing, sir, but mine own,’’ 


is a motto that might fit the method of 
many a successful teacher of chemistry, for 
there are but few sciences whose elemen- 
tary teaching calls for so much good judg- 
ment in placing the subject-matter in a 
form easily grasped by the beginner and in 
selecting illustrations from sources that are 
both homely and apt. When I said that, 
were it not for the expense of printing, a 
man would prefer his classes to use a book 
of his own making, I wish to be understood 
as holding that, in order to have such a 
book of the highest order of usefulness, it 
must be written for his classes, and his 
alone. For it is a fact that a man writes 
for his private use a very different and 
usually a much more effective book than 
the one he dares to offer the public. It 
would appear that books are largely writ- 
ten to please the critics ; and if they be so 
constructed as to pass the ordeal of ‘re- 
view,’ it is entirely a secondary matter 
whether or not the student is able to readily 
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grasp their meaning when starting from his 
point of view. 

It being, of course, admitted that chem- 
istry should be so taught as to have its 
principles firmly retained by the student, 
the instructor should endeavor to place 
himself in the student’s position and strive 
to see things from his standpoint. It is 
immaterial how scientific the arrangement 
of the course may be if such arrangement 
does not follow the mental drift of the 
average learner and appeal to his sense of 
general fitness. It is for that reason that 
I cannot sympathize with a separation of 
the oxides of arsenic by an interval of 
seventy-five pages from the other com- 
pounds of the same element, as is done in 
one of our best text-books. Such separa- 
tion may suit the views of the distinguished 
author and his brother chemists, but the 
book is not written for them ; it is intended 
for the use of beginners, and beginners do 
not look at the subject in that apparently 
disjointed way. 

Another difficulty with many of our text- 
books is that they are much too full during 
the early portions of the course. They 
deal with expansions of, and exceptions to, 
topics at a period when the topics them- 
selves are fraught with entirely new ideas 
to the student. 

Take, for instance, the question of 
‘valency.’ If my experience goes for any- 
thing, it is better to allow the beginner to 
conceive valency as a definite constant for 

,each element, and then at a later stage, 

after considerable experience with things 
chemical has been acquired, the subject 
may be brought up again and more exten- 
sively discussed. 

Again, let us suppose that the student is 
at work upon the subject of ‘ Phosphorus.’ 
Almost the first fact he learns is that phos- 
phorus is attacked by oxygen with exceed- 
ing readiness, and that an oxide of the 
element results. 
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Is it wise, therefore, to insert in the text 
that ‘phosphorus is incapable of uniting 
with oxygen if the gas be perfectly pure and 
free from aqueous vapor?’ Would it not 
be better to allow the beginner to become 
as familiar as possible with the chemistry 
of ordinary conditions before venturing into 
those dimly lighted regions where ‘ chem- 
ical purity,’ ‘perfect dryness,’ ‘ exceeding 
heat’ or ‘ exceeding cold’ are the disturb- 
ing factors ? 

The student tends to hold the instrue- 
tor responsible for all irregularities in the 
science, and, as a beginner, he resents am- 
biguity. Exceptions and amendatory com- 
ments both confuse and discourage him. 
The time comes later on when to note the 
peculiar character of this substance, or the 
exceptional behavior of that, may be of real 
interest to him; but the establishment of 
such an interest is a matter of slow de- 
velopment, and care should be taken during 
the early stages of instruction that great 
masses of heterogeneous facts be not so 
piled together as to cause no growth at all. 

W. P. Mason. 


RENSSELAER POLYTECHNIC INSTITUTE, 
Troy, N. Y., May, 1898. 


PROFESSOR SCHENCK’S RESEARCHES ON THE 
PREDETERMINATION OF SEX.* 

In view of the fact that Professor 
Schenck’s conclusions as to the power of 
artificially determining the sex of offspring 
have served as a nine-days’ wonder to some 
of the lay papers, it seems advisable to lay 
before our readers a plain statement of his 
argument, taken without comment from 
the pamphlet which he has just published. 
It opens with the statement that it is im- 
possible to command natural processes, but 
possible by scientific means to exercise a 


*From The British Medical Journal. 


+ Einfluss auf das Geschlechtsverhiiltnis. Von Dr. 


Leopold Schenck, Professor an der k.k. Universitit 
und Vorstand des Institutes fiir Embryologie in 
Wien. Magdeburg: Schallebn and Wollbriick. 1898. 
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more or less effectual influence upon them, 
in order to extract from them the best pos- 
sible results. His essay falls into three 
parts—a summary of the writings of his 
predecessors, an account of his own re- 
searches and deductions, and finally a de- 
scription of the method of treatment he 
has devised, with illustrative cases. 

In the development of an embryo the 
generative organs are at first indifferent— 
hermaphrodite; in the further process of 
growth one set develops while the other 
atrophies. This tendency must be prede- 
termined from the time of fertilization, for 
each cell formed from the ovum must have 
sexual characters, since these are not 
confined to the generative organs, but ap- 
pertain to the whole body. The readiness 
with which an ovum can be fertilized de- 
pends upon its position in the ovary, the 
thickness of its envelope, etc., and these 
may also have a bearing on the question of 
sex. In other words, the predetermination 
may precede fertilization, and of this con- 
firmation is found in the development of 
bees and in the production of male and fe- 
male flowers by plants under different nu- 
tritive conditions. In this connection Pro- 
fessor Schenck enunciates and discusses at 
considerable length the views of previous 
writers. He points out that the male sex 
preponderates to a definite though slight 
degree in the total number of births, and 
that the sex of a child is more likely to be 
that of its older parent. He pays particu- 
lar attention to the theory of crossed sex- 
ual heredity, by which each sex tends to 
propagate the other. Thus if the sexual 
power of the male be greater a female off- 
spring is more likely to result, and vice versa. 
This theory is threshed out most thoroughly 
and with abundance of quotations and ex- 
amples ; in the end Professor Schenck prac- 
tically accepts it, and makes use of it in his 
further work. With regard to the influence 
of environment upon sex, he quotes Robin’s 
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statement that in warm climates females 


preponderate, in cold and unfavorable, 
males. Born also showed that 95 per cent. 
of artificially fertilized frog’s eggs hatched 
out as females, this being an effect of nutri- 
tive conditions acting after fertilization. 
Thury’s researches are fully analyzed, and 
are stated to have originally called Profes- 
sor Schenck’s attention to the subject. 
Thury found that cattle fertilized at the be- 
ginning of ‘heat’ threw more females, at 
the end more males. This he explained by 
the degree of ripeness of the ovum, but 
Professor Schenck accounts for it on the 
crossed inheritance theory, the sexual power 
of the female being at its greatest at the 
end of the period of rut. This part of the 
work is summed up in the statement that 
the sex of offspring largely depends upon 
the state of nutrition of the parents, par- 
ticularly that of the mother during preg- 
nancy. During this period the difference 
between intake and excretion represents the 
food of the embryo, and hence requires 
special attention. The temperature is 
slightly raised owing to oxidation processes, 
which entail a considerable consumption of 
red blood corpuscles and consequent dimin- 
uation of hemoglobin. 

The second section begins with the enunci- 
ation of the fact observed in domestic animals 
and in insects that the better the mother is 
nourished the more females she produces, 
the number of males remaining practically 
constant. This influence upon the foetus 
in utero has received but little attention 
from the practical point of view, and Pro- 
fessor Schenck consequently set out upon a 
series of observations based on the theory 
of crossed sexual inheritance. He first in- 
vestigated the excreta, and particularly the 
carbohydrates of the urine. The presence 


of a certain amount of sugar, which is com- 
monly recognizable by the phenyl-hydrazine 
test in perfectly normal individuals, indi- 
cates incompleteness of the oxidation pro- 
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cesses, whereby a certain quantity of heat 
is lost to the body. This physiological out- 
put of carbohydrate is in the male sex most 
marked during the period of growth—that 
is, between the ages of 14 and 19. In 
women there is no corresponding increase, 
but small quantities may appear in the 
urine before and after menstruation, while 
Iwanoff and others have shown that gly- 
cosuria is common in pregnant and par- 
turient women. Now the amount of sugar 
normally excreted is equal in men and 
women, but more significant in the latter 
owing to the lesser activity of their meta- 
bolic processes. For the perfect ripening 
of the ovum it is necessary that oxidation 
shall be perfect—that is, that no sugar shall 
be left unburnt. Where there is a remain- 
der of unburnt sugar the ovum stands a 
chance of being less ripe, and less well 
nourished. Hence the properties of its 
protoplasm are less well developed, and by 
the theory of crossed inheritance it is more 
likely to produce a female child. On the 
other hand, when the urine is free from 
sugar the ovum can attain perfect develop- 
ment, and give rise to male offspring. It 
is upon this cardinal principle that Pro- 
fessor Schenck’s theory is based. He holds 
that a prolonged course of appropriate 
nourishment both before and after fertili- 
zation will tend to the conception of male 
children only. 

The next question is of the means to be 
adopted to ensure this end. _ If a male child 
is desired, and the maternal urine contains 
no sugar, but abundance of reducing sub- 
stances (particularly the levo-rotatory 
glycuronic acid), he allows impregnation 
forthwith. If, on the other hand, sugar is 
present it must be removed, and the reduc- 
ing substances increased before fecundation 
may take place. It is found that the urine 


of a woman pregnant with a boy contains 
more reducing substances than that of one 
with a girl. We need not enter into the de- 
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tails of the diet recommended, beyond say- 
ing that it contains much proteid, which 
seems to be required by « male embryo. 
Finally Professor Schenck gives what 
may be called his clinical results. He 
quotes numerous cases to show that the 
bearing of female children is associated 
with glycosuria. In such instances he 
recommends a diet comprising plenty of 
proteid and fat, and as little carbohydrate 
as can be tolerated ; this must be taken for 
two or three months before and three months 
after impregnation. He gives one example 
in which six boys were born in succession 
under this treatment, and a girl immedi- 
ately it was relaxed ; and others in which 
boys were born after repeated births of girls 
before the treatment. In all, out of seven 
recorded cases, six were successful. He 
concludes that the nutrition of the mother 
plays a most important part in the deter- 
mination of sex, and that in countries 
where much flesh is consumed there is a 
marked preponderance of male children. 
This can be imitated artificially, but it is 
far more important to ensure the complete- 
ness of oxidation processes in the body. 
As long as the combustion of the food is 
perfect, and the urine is totally free from 
sugar, the exact amount of meat consumed 
is of secondary importance. The birth of 
male children can thus, in certain cases, be 
predetermined, but the voluntary produc- 
tion of girls is a problem as yet unsolved. 


CONVERSAZIONE OF THE ROYAL SOCIETY. 


Tue first of the annual conversaziones of the 
Royal Society was held on May 11th, in the 
Society’s rooms at Burlington-house, the 
guests being received by the President, 
Lord Lister. 

The London Times states that there was 
the usual exhibition of objects, apparatus, 
processes, and experiments illustrative of 
some of the most recent advances in scien- 
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tific research. The exhibits seemed on the 
whole more abundant than usual, while an 
unusually large proportion were of a char- 
acter that could only be understood by 
specialists, or at least by actual inspection 
under expert guidance. As might have 
been expected, the results obtained by the 
various parties who went to India to observe 
the recent eclipse of the sun were particu- 
larly prominent, and attracted considerable 
attention. These exhibits were lent by the 
Permanent Eclipse Committee and conveyed 
the impression that substantial results had 
been achieved by the parties which went to 
India. From the Astronomer-Royal there 
were six photographs of the corona, show- 
ing the results of various exposures. Sir 
Norman Lockyer showed several photo- 
graphs illustrating the eclipse and the ex- 
pedition to Viziadrug. Some of these were 
photographs of the observing station, its 
party of observers, and some of the instru- 
mentsemployed. Another series illustrated 
some of the results obtained, including en- 
largements comparing the spectrum of the 
chromosphere taken at the beginning of 
totality with that taken eight seconds after 
the end of totality. Other eclipse photo- 
graphs were shown by Captain Hills, Mr. 
H. F. Newall, the Astronomer-Royal for 
Scotland, and the Eclipse Committee of the 
British Astronomical Association, which 
had parties at Buxar and Tahni. 

Professor Oliver Lodge exhibited some 
results of his experiments in space tele- 
graphy, in which, under the requisite con- 
ditions, the most remarkable sympathy was 
manifested between ‘two condenser circuits 
placed at a distance from each other ; with 
enough copper in each circuit there is no 
assignable limit of distance. Professor 
Lodge, in conjunction with Dr. Alexander 
Muirhead, also showed experiments in 
Hertz-wave space telegraphy between a 
couple of signalling stations, one at the far 
end of the library, the other in the Secre- 
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tary’sroom. These two exhibits, especially 
the former, were perhaps the most sugges- 


tive and attractive in the rooms. The 
former especially is almost uncanny in its 
mystery, and both are capable of being 
turned to important practical uses—com- 
munication, say, with outlying islands and 
lightships. Professor H. Callendar showed 
a new electrical recording apparatus, which 
has been in use for some time at Mc- 
Gill College, Montreal, and which may be 
applied to a great variety of scientific and 
practical purposes. Mr. Orme Bastian’s 
electric current meter seemed to suggest 
the possibility of really delicate and accu- 
rate measurement. Interesting also were 
Mr. K. J. Tennant’s photographs of electric 
discharges. 

Of special interest were the charts, sec- 
tions and specimens, illustrating some of 
the results of the investigations carried on 
in the Atoll of Funafuti, South Pacific, 
shown by Sir W. J. L. Wharton and Pro- 
fessor Judd on behalf of the Coral Reef 
Committee of the Royal Society. It will 
be remembered that the expedition in H. 
M. S. Penguin in 1896 was not very suc- 
cessful, while that of 1897 under Professor 
David succeeded in boring to a depth of 
698 feet. This year a third expedition is 
going out and hopes to reach a greater 
depth. 

As usual at recent exhibitions the Roént- 
gen rays held a prominent place. Mr. Mac- 
kenzie Davidson showed an apparatus very 
ingeniously arranged to localize exactly any 
particular object, such as a bullet. Mr. 
Campbell Swinton showed a Rontgen ray 
camera with a pin-hold instead of a lens, 
also very powerful cathode-ray lamps and 
some experiments on the circulation of the 
residual gaseous matter in Crookes tubes. 
Mr. Wimshurst exhibited an improved ap- 
paratus for holding and for the excitement 
of Rontgen-ray tubes. One beautiful de- 
monstration was that of Mr. C. T. R. Wil- 
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son, showing the production of cloud by the 
action of ultra-violet light, suggesting an 
explanation of the blue in the sky. Pro- 
fessor Hele-Shaw’s delicate experiments on 
the flow of water deserve mention. They 
are of practical moment also, as are Mr. T. 
Andrew’s micrographic illustrations of de- 
terioration in steel rails, indicating the 
microscopic structure and composition of 
the most enduring and safest rails. Pro- 
fessor Roberts-Austen showed a complete 
installation of apparatus for the micro- 
photography of metals designed for Sir 
Andrew Noble for use at Elswick Works, 
also apparatus to illustrate M. Daniel 
Berthelot’s interference method of mea- 
suring high temperatures. It consists of 
an optical interference apparatus in 
which a beam of light is divided by a 
thinly-silvered mirror and passed through 
two tubes. In one of these tubes air is 
rarefied by heat and in the other by ex- 
haustion, and when the rarefaction is equal 
in both tubes colored interference bands 
appear. As the degree of exhaustion in one 
tube can be measured by a manometer the 
unknown temperature is readily found. 
Mr. Horace Seymour, Deputy-Master of the 
Mint, exhibited a case of bronze Jubilee 
medals beautifully colored by a method, 
borrowed from the Japanese, which marks 
a new departure in medal work in this 
country. Mr. J. E. Stead sent some re- 
markable specimens of iron and steel, show- 
ing crystalline structure developed at 
750°C., the temperature at which the mag- 
netic change in iron takes place. They 
proved that their peculiar polygonal struc- 
ture could be produced without the presence 
of a cementing material between the joints, 
and showed clearly the existence of allo- 
tropic forms of iron. Professor Ewing ex- 
hibited a magnetic balance for permeability 
tests of iron. It is a new apparatus de- 
signed to afford an easy means of judging 
of the magnetic quality of iron or steel, 
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with special reference to its suitability for 
use in dynamo magnets. 

An attractive exhibit was that of Mr. 
Joseph Goold’s experiments in relation to 
resonance, which were harmonics, sub-har- 
monies, and compound harmonics illustrated 
by the action of forced vibrations in paper 
discs, thin metal plates, etc.; also vibration- 
tops, which spin by contact with vibrating 
surfaces, and vibrating dust-heaps bursting 
into whirling nebulze and condensing into 
gravitating systems of circular mounds. 

Those who attended the meeting of the 
British Association last year were inter- 
ested in Professor Poulton’s Canadian in- 
sects and Dr. Armstrong’s colored photo- 
graphs of the Yellowstone Park. The 
series of models illustrating the composi- 
tion of vertebrz in the various groups of 
vertebrata, exhibited by Dr. Gadow and 
Mr. W. F. Blandford, were highly instrue- 
tive. The ‘naturographs’ shown by Mr, 
R. B. Roxby were beautiful specimens of 
Dr. Selle’s process of photography in natural 
colors. 

Every one was naturally interested in 
the exhibit by Professor Herdman and Pro- 
fessor Boyce of healthy and unhealthy 
oysters, showing the causes of coloration 
and the connection between oysters and 
disease. The exhibit by the Marine Bio- 
logical Association of the adaptation of 
marine animals to their environment, illus- 
trated by living examples of the higher 
crustacea, was highly instructive and in- 
terested many. There were several other 
interesting biological exhibits and demon- 
strations. It is impossible even to mention 
many other exhibits, some of them of at 
least equal scientific importance to those 
referred to. 

During the evening, besides Sir Norman 
Lockyer’s eclipse exhibit, shown by means 
of the electric lantern, Dr. Sorby showed 
some cleverly mounted slides illustrating 
marine animals. 
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ZOOLOGICAL SOCIETY OF LONDON. 

Tue sixty-ninth Anniversary Meeting of 
this Society was held yesterday at their 
offices 3 Hanover Square W. The chair 
was taken at 4 p. m., by Sir William H. 
Flower, K.C.B., F.R.S., President of the 
Society. 

After the Auditors’ report had been read, 
a vote of thanks accorded to them, and other 
preliminary business had been transacted, 
the report of the Council on the proceedings 
of the Society during the past year was read 
by Mr. P. L. Sclater, F.R.S., the Secretary. 
It stated that the number of Fellows on the 
31st of December, 1897, was 3,158 showing 
an increase of 60 during the past year. The 
number of Fellows’ names upon the So- 
ciety’s books was at that date larger than 
it had been at any period since the year 
1885. 

The occurrence of the Queen’s Diamond 
Jubilee in 1897, together with the very 
favorable weather experienced during the 
summer and autumn of that year, had 
drawn a large number of visitors to the 
Society's Gardens, and the total income of 
the Society had consequently reached the 
large amount of £28,713, being £1,631 more 
than in 1896, and greater than that of any 
year since the year 1884. 

The ordinary expenditure of the Society 
for 1897 had amounted to £25,329, which 
was an increase of £1,541 over that of the 
year 1896. Besides this a sum of £2,375 
had been paid, and charged to extraordinary 
expenditure, having been mainly devoted 
to new works and new buildings. 

A further sum of £1,000 had been placed 
to the Society’s Deposit Account (which 
now amounted to £3,000), and a balance of 
£1,074 had been carried forward to the 
benefit of the present year. 

The usual scientific meetings had been 
held during the year 1897, and a large num- 
ber of valuable communications had been 
received upon every branch of zoology. 


SCIENCE. 


741 


These had been pnblished in the annual 
volume of Proceedings, which contained 1,013 
pages illustrated by 57 plates, Parts 3 and 4 
of the 14th Volume of the Society’s Quarto. 

Transactions had also been published in 
1897. The 33d Volume of the Zoological 
Record (containing a summary of the work 
done by zoologists all over the world in 
1896), edited by David Sharp, F.R.S., had 
been likewise published, and issued to the 
subscribers in November last. 

The Library, containing upwards of 20,- 
000 volumes, had been maintained in good 
order throughout the year and had been 
much resorted to by working naturalists. 
A large number of accessions both by gift 
and purchase had been incorporated into it. 

The principal new building opened in 
the Society’s Gardens in 1897 had been the 
new ostrich and crane-house which had 
been commenced in autumn of 1896. The 
final balance due to the contractors for its 
erection (£1,188) had been paid to them in 
1897 and charged to extraordinary ex- 
penditure. 

During the past summer also a new glass- 
house for the reception of the Society’s col- 
lection of tortoises had been built, adjoining 
the reptile house, at a total cost of £464, 
and likewise charged to extraordinary ex- 
penditure. This amount, however, had 
been lessened by the sum of £150 which the 
Hon. Walter Rothschild, F. Z. 8., who is 
especially interested in these animals, had 
kindly contributed towards it. A third 
new building erected in the gardens during 
the past year, and recently opened to the 
public, was a new lavatory which had been 
built near the refreshment rooms specially 
for the accommodation of visitors resorting 
to that department of the gardens. 

Since the last anniversary a serious loss 
had been caused to the Society’s staff by the 
death, on the 7th of May last year, of Mr. 
A. D. Bartlett, for 38 years Superintendent 
of the Society’s Gardens. In the report 
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made to the general meeting on the 19th of 
May last the Council had already recorded 
their deep sense of the services rendered to 
the Society by the late Mr. Bartlett during 
the long period for which he had held his 
post, and of their full appreciation of the 
skill, energy and faithfulness with which 
he had discharged the multifarious and dif- 
ficult duties of his office. On the present 
occasion the Council could do no more than 
repeat the sentiments expressed at that 
meeting, which they were sure would be 
fully concurred in by all the Fellows of the 
Society. The vacancy thus caused had 
been filled by the appointment, as Su- 
perintendent, of Mr. Bartlett’s second son, 
Mr. Clarence Bartlett, who had been in the 
Society’s service for 36 years as his father’s 
assistant. 

The number of visitors to the Gardens in 
1897 had been 717,755, being 52,751 more 
than the corresponding number in 1896. 

The number of animals on the 31st of 
December last had been 2,585, of which 
792 were mammals, 1,362 birds, 431 reptiles 
and batrachians. 

Amongst the additions made during the 
past year, 17 were specially commented 
upon as being of remarkable interest and in 
most cases new to the Society’s collection. 

The report concluded with a long list of 
donations to the Menagerie received in 
1897. 

A vote of thanks to the Council for their 
report was then moved by Sir John Lub- 
- bock, Bt., F.R.S., seconded by Mr. R. Ly- 
dekker, F.R.S., and carried unanimously. 

The meeting then proceeded to elect the 


- new members of the Council and the officers 


forthe ensuing year. The usual ballot hav- 
ing been taken, it was announced that 
Frank E. Beddard, Esq., F.R.S.; William 
T. Blanford, Esq., L.L.D., F.R. 8.; Richard 
Lydekker, Esq., F.R.S.; Howard Saunders, 
Esq., and Charles S. Tomes, Esq., F.R.S., 
had been elected into the Council in the 
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place of the retiring members, and that Sir 
William H. Flower, K.C.B., F.R.S., had 
been re-elected President; Charles Drum- 
mond, Esq., Treasurer, and Philip Lutiey 
Sclater, Esq., M.A., Ph.D., F.R.S., as See- 
retary to the Society for the ensuing year. 


CURRENT NOTES ON ANTHROPOLOGY. 
PRIMITIVE MUSICAL INSTRUMENTS. 


Tue study of musical instruments begins 
with two sticks which are rubbed together, 
or hit one against the other, to make a 
noise. Such are found among the Austra- 
lians and the Pueblo Indians. In Louisiana 
the jawbone of a mule is scratched rapidly 
with a stick to elicit folk-lore music. The 
study of this art in early conditions is the 
theme of an excellent article by Dr. Wal- 
laschek in ‘the Proceedings of the Anthro- 
pological Society of Vienna for February. 
He inserts a number of illustrations from 
specimens in the Ethnographic Museum of 
Vienna. 

In this connection, I would suggest that 
the human bones, with incisions crosswise, 
which are described by Drs. Lumholtz and 
Hrdlicka in Vol. 10 of The Bulletin of the 
American Museum of Natural History, and 
which they are at a loss to explain, were in- 
tended for just such primitive musical in- 
struments. Several similar specimens were 
exhibited in the Mexican department of the 
Columbian Exposition at Madrid. (See my 
‘Report,’ p. 27.) 


PRE-COLUMBIAN LEPROSY IN AMERICA. 


THE question of the existence of leprosy 
in America before Columbus occupied the 
Berlin Society of Anthropology at several of 
its meetings last year. The inquiry was 
started by the investigations of Dr. A. S. 
Ashmead, of New York City. He had 
noted on old Peruvian pottery deforma- 
tions of the face and extremities, resem- 
bling those produced by that disease. 

The discussion in Berlin was shared by 
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several members. Some doubted the an- 
tiquity of the pottery; others said the repre- 
sentations were from a patient suffering 
under a local disease called Jaga. In sum- 
ming up, Professor Virchow concluded that 
the pottery was authentic and that the le- 
sions shown were pathological, but that 
whether from leprosy or some other disease 
must be left for further investigation. 


THE THROWING-STICK IN AMERICA. 

Ar the last meeting of the French Asso- 
ciation for the Advancement of Science 
Mr. Henri Michel brought sufficient evi- 
dence from new finds to show that the 
throwing-stick was in use in some parts of 
Peru. He calls attention to the Eskimo 
throwing-stick described by the traveler 
Pinart as in use in the Kadiak Archi- 
pelago, and also that found in very ancient 
deposits in France. 

It is gratifying to see that, instead of 
arguing that Peruvians, Eskimo and Cave- 
men borrowed one from the other, he 
pointed out that these are examples of in- 
dependent invention. Evidently, it is not 
surprising to come across it again in the 
old village sites of Florida (Cushing), and 
it is equally needless on this recurrence to 
found any theory of the affinities of the 
ancient key-dwellers. 

I may add that Mr. Michel is not the 
first to observe the presence of the atlati in 
Peru. ' D. G. Bruyton. 

UNIVERSITY OF PENNSYLVANIA. 


NOTES ON INORGANIC CHEMISTRY. 

Tue large quantities of compounds of the 
the rare earths accumulated by the Wels- 
bach Light Company, at Gloucester, New 
Jersey, under the direction of Mr. Waldron 
Shapleigh has been alluded to in Scrence. 
Of these earths none are rarer than neodym- 
ium and praseodymium, the two elements 
into which Auer von Welsbach separated 
what had been previously considered the 
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element didymium. It is pleasing to 
chronicle that Mr. Shapleigh has put gen- 
erous quantities of salts of each of these 
elements in the hands of Professor Harry 
C. Jones, of Johns Hopkins University, for 
atomic weight determinations, and the re- 
sults are published in the last American 
Chemical Journal. More than two kilo- 
grams of the ammonium neodymium nitrate, 
and nearly as much praseodymium, were 
used as the basis of a careful series of puri- 
fications. Twelve determinations were 
made with each metal, and the atomic 
weight results are praseodymium = 140.45 
and neodymium — 143.6. It is curious 
that these results are almost the reverse of 
those found by the discoverer, von Wels- 
bach, 143.6 and 140.8, and almost suggests a 
question as to whether the discrepancy does 
not arise from a typographical error in von 
Welsbach’s work. From the fact that the 
stable oxids are Pr,O, and Nd,O, the higher 
weight might be anticipated for neodymium, 
but the placing of these elements in the 
periodic system is yet a problem. 

In a recent voyage from the Cape of 
Good Hope to England samples of water 
were drawn daily from the ocean and 
analyzed. The results are published by 
C. J. 8. Makin in the Chemical News, and 
compared with the results from the Chal- 
lenger expedition. The average total solids 
was 36.31 grams per thousand, the quan- 
tity being slightly greater in the North 
Atlantic than in the South, as was found 
in the Challenger samples. In general the 
results correspond to those of the Chal- 
lenger, but the amount of sodium chlorid was 
found slightly less (76.9 as against 77.76 
parts per hundred of total salts), while the 
amount of magnesium chlorid (11.4 to 
10.88) and calcium sulfate (4.23 to 4.07) 
was slightly greater. Free ammonia was 
found 0.19 milligrams per liter; am- 
monium salts 0.36, and albumenoid am- 
monia 0.56. J. L. H. 
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SCIENTIFIC NOTES AND NEWS. 
THE RUMFORD MEDAL, 

AT the annual meeting of the American Acad- 
emy of Arts and Sciences held in Boston on 
May 11th the report of the Rumford Committee 
which was there presented contained the fol- 
lowing important statement and recommenda- 
tion : 

‘¢ The committee has also considered at length 
the question of an award of the Rumford medal. 
The claims of various investigators and inven- 
tors have been considered with great care, and 
more than one among them appeared to be de- 
serving of such recognition. After prolonged 
consideration the Rumford Committee has 
voted at two separate sessions (in accordance 
with long-established custom) to recommend to 
the Academy an award of the medal to Profes- 
sor James E. Keeler, now Director of the Lick 
Observatory, for his application of the spectro- 
scope to astronomical problems, and especially 
for his investigations of the proper motions of 
the nebule, and the physical constitution of the 
rings of the planet Saturn, by the use of that 
instrument.’’ 

The report of the Committee was presented 
by the Chairman, Professor Cross, who ex- 
plained at some length the particular nature 
and merit of the investigations of Professor 
Keeler for which the award of the Rumford 
premium was proposed, after which the Acad- 
emy voted unanimously to adopt the recom- 
mendation of the Committee. 

The last previous award of the medal was to 
Mr. T, A. Edison, in 1895. Among others who 
have recently received it are Professors Picker- 
ing, Michelson, Langley and Rowland. 


, THE COMING MEETING OF THE BRITISH ASSO- 
CIATION IN BRISTOL. 


WE take from the British Medical Journal the 
following particulars in regard to the prepara- 
tions for the meeting of the British Association 
in Bristol from September 7th to 14th. The 
latest published list of subscriptions shows that 
over £3,400 has been promised, that the execu- 
tive need not fear being short of the prime 
necessity that makes such a visit a success. The 
Victoria Rooms are to be fitted up for the re- 
ception room, the large hall being used for that 
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purpose and the small hall as a smoking room. 
The sectional meetings will be held in the 
school room of the Victoria Chapel, the Fine 
Arts Academy, the museum lecture room, Uni- 
versity College, the Blind Asylum Hall, the 
Hannah More Hall, the Merchant Venturers’ 
Technical College, and the Park Place Schools. 
The Drill Hall will be fitted up as a lounging 
room, a band (the Royal Horse Artillery) pro- 
vided, and various objects of interest shown ; 
this will be open to all members and associates 
of the Association free during the afternoon, 
but in the evening the hall will be open to the 
public at a charge. The President’s address 
and the lectures will be given in the Colston 
Hall, as will also be the soirée given by the 
General Committee. The other soirée will be 
given in the buildings and grounds of Clifton 
College on the invitation of the Bishop of Here- 
ford, the Headmaster, and Mrs. Glazebrook. 

In the Zoological Gardens will be a biological 
exhibition at which many objects of great scien- 
tific interest will be shown. Arrangements have 
been made with the authorities of the Marine 
Biological Station at Plymouth to show some of 
their most interesting tanks. A large number of 
excursions have been arranged to various places 
of interest—namely, Wells, Glastonbury and 
the lake villages, Cheddar Cliffs and Caves; 
Bath, where the corporation will show the mag- 
nificent baths recently opened; Bradford-on- 
Avon, with its Saxon church and Norman bridge; 
Tortworth, on the invitation of Lord Ducie; 
possibly Salisbury and Stonehenge ; the works 
at Swindon; the docks at Avonmouth, with a 
trip down the river to visit the Channel Fleet, 
if the Admiralty will allow it to come; and 
many others of interest to geologists, engineers 
and botanists. A new feature will be introduced 
in short bicycle rides personally conducted to 
many of the Roman or British camps around 
Bristol. 

The literature usually distributed is in a for- 
ward state, and the handbook will, it is hoped, 
be the most complete ever given out at a meet- 
ing of the Association. The articles are now all 
in the printer’s hands. Eight gentlemen have 
kindly consented to give garden parties, and 
Clifton College masters will entertain a large 
party on September 12th. The invitations,’ 
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issued a month or two ago, have. been 
largely responded to, and many foreigners from 
the Continent are expected, as well as a strong 
contingent of scientific men from the Dominion. 
During the week the International Conference 
on Terrestrial Magnetism and Atmospheric 
Electricity will hold its meetings in association 
with Section A (Mathematics and Physical Sci- 
ence). There will be no Section I (Physiology), 
as the international meeting will be held at 
Cambridge only a short time previous. 


LIQUID HYDROGEN, 


AccorDING to the London Times Professor 
Dewar liquefied hydrogen on May 10th at the 
Royal Institution and exhibited the liquid to 
Lord Rayleigh, who was fortunate enough to be 
on the premises at the time. Hydrogen has 
been liquefied before—in theory, but Professor 
Dewar has actually produced the liquefied gas 
to the amount of half a wine-glassful in five 
minutes, by a process which would equally have 
produced a pailful had the requisite supply of 
pure hydrogen been forthcoming. This is a 
unique and unprecedented feat. Liquid hydro- 
gen in quantity is not only of enormous scien- 
tific interest in itself, but is also of immense 
importance as placing a new and potent instru- 
ment in the hands of investigators who have 
hitherto found their progress barred by its ab- 
sence. The boiling point of the liquid may be 
placed at from thirty to thirty-five degrees of 
absolute température, or, in other words, at 
about 240 degrees below zero on the Centigrade 
scale. Some conception of the degree of cold 
attained may be gathered from the fact that a 
tube closed at the lower end, when emersed in 
the liquid, was almost instantaneously filled 
with solid air. It may be observed, as a matter 
of scientific interest, that the density of the 
liquid far exceeds that arrived at by calculation. 
There is reason to believe that it will be found 
to be about 0.6, water being unity. This result 
would agree very closely with the density of 
hydrogen when occluded by palladium, as es- 
tablished by Professor Dewar 25 years ago. 
Helium is a rare gas which has hitherto resisted 
all attempts to effect its liquefaction. It is 
stored in considerable quantity at the Royal In- 
stitution, and was also liquefied on Tuesday by 
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the use of the liquid hydrogen. Its boiling 
point appears to lie not very far from that of 
hydrogen itself. Liquid hydrogen will never 
be as cheap as liquid air, because nature does 
not supply the gas in equal abundance. But 
nothing except the cost now stands in the way 
of producing liquid hydrogen in any quantity 
that science may require, whether for investi- 
gation of its own properties or for the prosecu- 
tion of various lines of research into the con- 
stitution of matter in general. 


GENERAL, 


THE Council of the Royal Geographical So- 
ciety have awarded one of the two Royal medals 
to Dr. Sven Hedin for his work in Central Asia, 
and the other to Lieutenant E. A. Peary, Uni- 
ted*S8tates Navy, for his explorations in North- 
ern Greenland. The Council have also made 
the following awards: The Murchison grant 
to Mr. H. Warington Smyth for his several 
journeys in Siam ; the Back grant to Mr. George 
P. Tate for his survey work in Afghanistan, 
Beluchistan, especially Makran, Aden and on 
the Indus ; the Gill memorial to Mr. Edmund 
J. Garwood for his geographical work in Spits- 
bergen during two seasons, in company with 
Sir Martin Conway ; the Cuthbert Peek grant 
to Mr. Poulett Weatherley for his exploration 
of the region between Lakes Mweru and Bang- 
weolo. The following foreign geographers and 
travellers have been elected honorary corre- 
sponding members: Don Marcos Jimenes de la 
Espada, Don Francisco Moreno, Buenos Ayres ; 
Marquis of Rio Branco, Brazil; Dr. Thoroddsen, 
of Iceland ; Professor Ratzel, of Leipzig. 

Portraits of Mr. Frederick Fraley and of 
Professor J. Peter Lesley were presented to the 
American Philosophical Society, Philadelphia, 
on May 20th. Mr. Fraley, who has long been 
President of the Society, and is about to cele- 
brate his 94th birthday, was present. Professor 
A. H. Smith, of the Central High School, stated 
that the Society now possessed portraits of all 
its Presidents, beginning with Franklin. In ac- 
cepting the portrait of Professor Lesley, Mr. W. 
A. Ingram dwelt upon his services to geology 
and geodesy. Professor Lesley has been for 
many years one of the Vice-Presidents of the So- 
ciety and had previously filled the offices of Li- 
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brarian and Secretary. The portraits, both of 
Mr. Fraley and Professor Lesley, were painted 
by Mrs. Margaret Lesley Bush Brown, daughter 
of Professor Lesley. 

Mr. C. 8. Tomss, F.R.S., has been admitted 
a Fellow of the Royal College of Surgeons of 
England. 

LIEUTENANT ROBERT E. Peary, U.S. N., 
was the guest of honor at the Geographical So- 
ciety’s annual dinner in Philadelphia on May 
18th. 

THERE is a vacancy in the position of Photo- 
grapher in the United States Naval Observatory 
at Washington, for which an examination chiefly 
based upon practical questions in photography 
and experience in the subject, will be held on 
June 7th. The salary of this position is $1,390 
per annum. 


THERE is also a vacancy in the grade of aid, 
Department of Biology, United States National 
Museum, with a salary of $50 per month, for 
which an examination will be held on June 
15th. The subjects of the examination can be 
obtained by addressing the United States Civil 
Service Commission, Washington. 


ProFessor E,. O. KENDALL has presented to 
the University of Pennsylvania his mathemat- 
ical library of about one thousand volumes. 


THE New York Medical Record quotes a re- 
port that Mrs. Caroline Croft left $100,000 to 
Drs. Henry K. Oliver and John Collins Warren, 
of Boston, for the purpose of making investi- 
gations to ascertain some method of curing 
cancer, consumption and other diseases which 
are now regarded as incurable. 

Aw Audubon Society for the State of Indiana 
was organized at Indianapolis on April 26th. 


- The meeting was addressed by the Governor of 


the State, the President of the University of 
Indiana and others. 

THE regular spring field meeting of the Indi- 
ana Academy of Science was held at Blooming- 
ton, April 28th-30th, under the auspices of the 
Faculty of Sciences of Indiana University. 
Among the excursions was one to the caves east 
of Mitchell, the blind fish of which have been 
described by Professor C. H. Eigenmann. 

THE House Committee on Interstate and 
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Foreign Commerce has favorably reported the 
Senate bill appropriating $350,000 for the Com- 
mercial Museums’ Exposition at Philadelphia, 
THE Presidents of the Institute of Chemistry, 
the Society of Chemical Industry, and the So- 
ciety of Public Analysts, London, have issued 
invitations toa reception on Tuesday, May 24th. 
THE Royal Colonial Institute, London, will 
hold its annual conversazione at the Natural His- 
tory Museum, Cromwell-road, on June 29th. 


THE Lord Mayor of London gave a banquet 
on May 4th to the medical profession at the 
Mansion House. Speeches were made by Sir 
Samuel Wilkes, President of Royal College of 
Physicians ; Sir William MacCormack, President 
of the Royal College of Surgeons ; Sir William 
Turner, Lord Lister and others. 

THE Organizing Committee of the Thirteenth 
International Medical Congress, held its first 
meeting on April 23d. The officers of the 
Committee are: President, Professor Brouar- 
del ; Vice-Presidents, Professors Bouchard and 
Marey; General Secretary, Professor Chauffard ; 
Treasurer, M. Duflocq. The formal opening of 
the Congress has been provisionally fixed for 
August 2, 1900. 

THE Iron and Steel Institute of Great Britain 
held its spring meeting in the Hall of the In- 
stitution of Civil Engineers, London, on May 
5th and 6th. The President, Mr. E. P. Martin, 
occupied the chair, and a number of interesting 
papers were presented. The autumn meeting 
of the Institute will be held in Sweden. 


WE have noted the donation made to Aber- 
deen, by Miss Cruickshank, of asum of £15,000, 
for the formation of a botanic garden. We 
learn from the British Medical Journal that 
this sum it to be handed over to trustees, who 
will also form the Board of Management. These 
trustees are the Principal and the professors of 
botany and mathematics in the University. 
The money is to be employed by them in the 
laying out and maintaining of a botanic garden, 
with all the necessary appurtenances, including 
provision for the teaching and study of botany 
as a pure science, and as applied to arts and 
industries, and, in their discretion, the provis- 
ion of a house as a residence for the keeper of 
the garden. The keeper may, if the trustees 
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think proper, be the professor of botany in the 
University. It is especially provided that this 
bequest is to be in addition to the sum already 
spent by the University and other bodies on 
the teaching of botany. The garden is to be 
known as the Cruickshank Botanical Garden, 
in memory of the donor’s late brother, Dr. 
Alexander Cruickshank, and it is to be held by 
the trustees in all time for the use, enjoyment 
and behoof of the University of Aberdeen and 
of the general public, without any preferable 
right on either, except as it may be thought 
right by the trustees to set apart class-rooms 
and laboratories for the use of either body. 
Professor Trail, the professor of botany, in his 
opening address to his class at the beginning of 
the summer session, on April 25th, alluded to 
this gift, and to the great advantage which it 
would be to the botanical department at the 
University. He also touched on the changes 
which the last few years had worked in this de- 
partment, and on the great facilities which were 
now offered to botanical students, especially 
since the opening of the handsome new labora- 
tories and class-rooms last year. 


A LETTER addressed to the London Times 
by ‘A Kew Student’ protests against opening 
the gardens to the public in the mornings, as 
follows: As holder of a student’s ticket which 
will be rendered practically useless by the 
change, may I be allowed to explain how the 
proposed opening of the gardens at 10 a. m. 
will affect students at Kew? The difficulty 
does not lie in the large or small number of 
visitors, but in a rule—namely, that students 
must abstain from handling plants after the ad- 
mission of the public. I am informed that this 
regulation is so far necessary by way of exam- 
ple that it is observed by the authorities them- 
selves, The public recognize a working gar- 
dener, but if one stranger were seen to inter- 
fere with plants others would naturally see no 
harm in doing the same. Where the conven- 
ience of the public is concerned, individual pro- 
tests appear selfish and ridiculous, but I am in- 
formed that there are 800 students upon the 
books, and surely their interests deserve con- 
sideration, inasmuch as Kew-gardens are in- 
tended to be used for scientific purposes. As 
an individual I should have .been satisfied and 
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very grateful if students had been permitted to 
retain certain mornings of the week, and I shall 
be glad if you will allow me to point out that 
the recent decision has caused disappointment 
and vexation to at least one worker. My ticket 
carries the privilege of gathering certain speci- 
mens for botanical research ; it will be difficult 
for students, who like myself live in London, 
to use the gardens before 10 a. m., and it is out 
of the question that I, or any other student, 
should collect plants out of doors or work in 
hothouses during public hours. 


AT a meeting of the Zoological Society of Lon- 
don on April 19th a communication was read 
from Dr. Bashford Dean, describing further evi- 
dence of the existence of possible paired fins in 
the problematical Devonian organism Palzo- 
spondylus. He maintained his former views, as 
opposed to those of Dr. R. H. Traquair ex- 
pressed in a former communication to the So- 
ciety. Mr. Smith Woodward, in communica- 
ting this paper, remarked'that he was inclined 
to agree with Dr. Traquair’s interpretations of 
the markings on the stone round the skeletons 
of Palzospondylus as entirely due to inorganic 
agencies. In support of this view he exhibited 
the specimen from Dr. Traquair’s collection 
noticed by Dr. Dean. 


UNIVERSITY AND EDUCATIONAL NEWS. 


THE new buildings of the University of Vir- 
ginia will be dedicated in June, the exercises 
beginning on the 12th. It is expected that 
three Presidents of the United States, Mr. Me- 
Kinley, Mr. Cleveland and Mr. Harrison will 
take part in the ceremonies. 


Tue building for the museums of the Uni- 
versity of Pennsylvania is now nearing com- 
pletion, and plans are being drawn for a build- 
ing for the departments of physiology, pathol- 
ogy and pharmacology. 


A BUILDING for the College of Agriculture of 
Ohio State University has been completed dur- 
ing the present year at a cost of $70,000. 


CONGREGATION, at Oxford, passed, on May 
4th, a decree which will require the ratification 
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of Convocation, authorizing the expenditure of 
$7,500 in removing and reconstructing the iron 
laboratory at the University Museum, at present 
occupied by the Linacre professor of compara- 
tive anatomy, and in erecting, on or near to 
the site of that laboratory, a new laboratory and 
lecture-room for the joint use of the Sherardian 
professor of botany and the Linacre professor 
of comparative anatomy. 

By the will of the late Dr. Elizabeth H. Bates, 
of Port Chester, N. Y., the University of Mich- 
igan will receive $125,000, the income from 
which is to be used in establishing a chair for 
the diseases of wom a and children, to be known 
as the Bates professorship. 

THE will of the late Mrs. Annie S. Paton, of 
New York, leaves $100,000 to Princeton Uni- 
versity, subject to an interest for life of her two 
sons. The bequest is to found a fund for an 
endowment for Paton lectureships in ancient 
and modern literature. 

THE Troy Times, in its supplement of April 
2d, devotes its whole space of 24 large pages to 
a description of Cornell University by ex-Gov- 
ernor Cornell, President Schurman and mem- 
bers of the Faculty, with many illustrations of 
the campus, the adjacent country and grounds 
and buildings, and with excellent portraits of 
prominent founders, Heads of leading depart- 
ments and lecturers. The issue constitutes the 
best and most complete popular account of a 
great educational institution that, perhaps, has 
ever come from the press of even our leading 
newspapers. It is a most admirable tribute to 
higher learning, as well as to the university 
which is its subject. 

THERE are this year four hundred and thirty- 
eight candidates for degrees at Cornell Univer- 


sity, of which twelve are for the A.M. and 


twenty-six for the Ph.D. degree. 

TueE American fellowship of the Association 
of Collegiate Alumnz has been awarded to 
Miss Caroline Ellen Furness, a graduate of 
Vassar College and now assistant in the Vassar 
College observatory. Miss Furness has also 
won the scholarship in astronomy and mathe- 
matics offered by Barnard College. She will 
study at Columbia University. 

THE following fellowships have been awarded 
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at Bryn Mawr College: Mathematics—Louise 
D. Cummings, of Canada, A.B., University of 
Toronto ; Fellow, University of Pennsylvania, 
1896-97, now graduate student University of 
Chicago. Chemistry—Margaret B. MacDonald, 
of Virginia; Graduate in Science, Mt. Holyoke, 
where she was for two years assistant in the 
laboratory before coming to Bryn Mawr, has 
been studying at Bryn Mawr during this year 
as graduate scholar. Biology—Annah Putnam 
Hazen, of Vermont, B.L., Smith College, 1895; 
M.S., Dartmouth College, 1897 ; graduate stu- 
dent, Bryn Mawr College, this year and grad- 
uate scholar. 

PROFESSOR EDWIN BRANT F Rost, of Dart- 
mouth Oollege, has been elected professor of 
astrophysics at Yerkes Observatory. The Chi- 
cago University Record states that after gradua- 
ting from Dartmouth’ in 1886 Professor Frost 
took Professor Young’s course in practical as- 
tronomy at Princeton, and returned to Dart- 
mouth as instructor in physics and astronomy. 
In 1890 he went to Germany and spent one 
semester at Strassburg, where he intended to 
continue his studies. But the opportunity of 
becoming voluntary assistant at the Imperial 
Astrophysical Observatory in Potsdam, which 
is but rarely accorded, took him to that cele- 
brated institution, where he assisted Professors 
Vogel and Scheiner in their important spectro- 
scopic researches on the motion of stars in the 
line of sight. A year later he was appointed 
assistant on the regular staff, and undertook 
his well-known investigations on the thermal 
radiation of sun-spots and the solar surface. 
The results of this work have cast grave doubts 
on the validity of the long accepted idea that 
sun-spots are cavities in the photosphere. In 
1892 Mr. Frost was elected assistant professor 
of astronomy in Dartmouth College and Di- 
rector of the Shattuck Observatory. Three 
years later he was advanced to a full professor- 
ship. His best known work since his return 
from Germany is his translation and revision of 
Scheiner’s ‘ Astronomical Spectroscopy,’ which 
everywhere takes precedence over the original 
as the standard treatise on the subject. At the 
Yerkes Observatory Professor Frost will devote 
special attention to a photographic study of 
stellar spectra with the large telescope. 
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Proressor E. F. NicHo1s, of Colgate Uni- 
versity, has accepted a call to the chair of phys- 
ies at Dartmouth College. 

Dr. C. M. BAKEWELL, of the University of 
California, has been appointed associate profes- 
sor of philosophy at Bryn Mawr College. 

Tue Frank Small studentship in botany of 
Gonville and Caius College, Cambridge, will be 
yacant in June. It may be held for two or 
three years, and is of the annual value of £100. 


Tue Aberdeen Universities Court has ap- 
pointed Mr. John Clarke, M.A., Aberdeen, to 
be lecturer in education for the term of three 
years, in succession to Dr. Joseph Ogilvie, 
whose term of office has expired. 


DISCUSSION AND CORRESPONDENCE. 
SPIRITUALISM AS A SUBVIVAL. 


To THE EpIToR OF SCIENCE: The discus- 
sion in SCIENCE in regard to the occult phe- 
nomena supposed to be manifested by Mrs. 
Piper induces me to recall a controversy I had 
with a distinguished psychologist who expressed 
the belief that in Mrs. Piper he had, at last, en- 
countered evidences of a supernatural character. 
In a discussion with a very eminent English- 
man, a spiritualist, I found that he placed im- 
plicit faith in mediums who had been repeatedly 
exposed as most arrant humbugs. No intelli- 
gent seeker after evidences of supernaturalism 
would, for a moment, accept the manifestations 
of these frauds, and yet, with the blandness of 
an insane person, this eminent spiritualist re- 
ceived, without a reservation, the messages of 
these humbugs. In the Proceedings of the 
Society for Psychical Research two gminent 
psychologists recount the remarkable perform- 
ances of a medium in Sicily, which they fully 
accepted as genuine, yet my distinguished psy- 
chologist above mentioned, with his keen 
method of penetrating frauds of all kinds, ex- 
posed this apparent wonder. Now he in turn 
encounters Mrs. Piper and, his limit of penetra- 
tion having been reached, he falls into line just 
48 promptly as the rest. Here you have, then, a 
number of men with varying degrees of pene- 
trating powers. One set all agape with specu- 
lative wonder, as Huxley said of Bastian, ac- 
' Cepting stuff as genuine which many alert 
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newspaper reporters had shown to be spurious ; 
another set, endowed with a modicum of com- 
mon sense, repudiating the peripatetic mediums 
yet snared by more skillful frauds ; still higher 
are others who are not deceived by these, but 
are in turn bamboozled by more deftly played 
tricks ; and finally the highest intellects who, in 
an encounter with some exceedingly adroit 
female medium, are puzzled by the manifesta- 
tions and, not having that judicious calm which 
might frankly wait for more light, plunge into 
the regions of the occult for an explanation as 
readily as did their more ignorant confréres 
under the capers of the charlatans. I think a 
fair explanation of this attitude of the human 
mind, which always excites more wonder in a 
rational being than do the séances of cunning 
mediums, is that we have clearly before us the 
evidences of survival. From a time when all 
believed in omens, portents, dreams, warnings, 
etc., what wonder that a sufficient number of 
molecules have been transmitted whose potency 
overrides common sense. In no other way can 
we explain why in the latter years of the nine- 
teenth century there are in our midst men, 
otherwise intelligent, who fully believe in as- 
trology. It is as utterly impossible to convince 
people thus afflicted as it would be to argue 
with inmates of an insane asylum. We may re- 
gard with interest, akin with pity perhaps, 
those who waste their phosphorus in trying to 
convince the world that they are right. Weare 
compelled to explain their attitude, not by 
significantly striking our head with the index 
finger as we contemplate them, but by insisting 
that they present most interesting examples of 
survival, and, if they did but realize it, how in- 
teresting they would be to themselves ! 

The conception of a flat world was at one 
time universal; to the masses, however, the 
demonstration that it was round or square or 
pyramidal induced no special mental disturb- 
ance—no more, indeed, than when it was shown 
that the air they breathed was composed of 
certain gases, had a certain weight, etc. The 
belief in dreams, omens, signs, etc., was an 
active one; it was invoked at all times; the 
mind, for centuries, was super-saturated with 
it, and hence its survival among children, to- 
day, among the masses and, rarer still, among 
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the highly gifted. The question of flatness of 
the world had, with the masses, hardly an ex- 
istence ; no molecules of the brain were exer- 
cised by it; the disturbance occurred only 
among the learned. Is it for this reason that 
we find so few survivals, to-day, of those who 
believe the world is flat ? 
EDWARD S. Morse. 
SALEM, May 17, ’98. 


‘THE NEW PSYCHOLOGY.’ 


To THE EpITorR OF SCIENCE: Professor Stan- 
ley’s interesting letter is timely and valuable ; 
it calls attention toa fundamental difference in 
standpoint between two schools of psychologists. 
This difference has been indicated by Professor 
Cattell in the following statement: ‘‘ As a sci- 
ence advances beyond the stage of crude obser- 
vation it tends to become either quantitative 
or genetic.’’ The former tendency has pro- 
duced experimental psychology; the latter 
genetic psychology. 

The standpoint of experimental psychology— 
as far asI can understand the principles of its 
representatives—can be briefly stated as fol- 
lows: Given a group of phenomena, called ‘ phe- 
nomena of consciousness ;’ required a determina- 
tion of the laws according to which these phenom- 
ena are connected. This is a problem similar 
to that of astronomy, physics, meteorology, 
geology, biology, political economy—in fact, 
of all the sciences. In the early stages of 
a science the only solutions possible are 
those of ‘yes’ and ‘no;’ e. g., does the 
memory of an object improve with interest 
and the lapse of time? to which the answers 
are: ‘yes’ for the former and ‘no’ for the 
latter. The introduction of methods of meas- 
urement—which is the special achievement of 
the new psychology—renders quite a different 
solution possible. The question just stated be- 
comes : how does the memory of an object de- 
pend on interest and the lapse of time? The 
answer is as follows: Denote all the possible 
factors that may influence the memory by a, }, 
C,. ++,4,...,t,...,2. Keeping all the cir- 
cumstances except i constant, determine the rela- 
tion of dependence of the memory on i, which 
is simply a roundabout method of saying: Let 
a, b, ¢,. . .=const. and find, M=f(i),‘.where 
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Mis the accuracy or uncertainty or some other 
property of memory in the particular case. The 
method of solution, familiar to all experimental- 
ists (see p. 77 of ‘ New Psychology ’), consists in 
varying i quantitatively and measuring the re- 
sulting variations in M; the results when prop- 
erly treated give a formula connecting the two ; 
this is known asalaw of memory. The fun- 
damental necessity for such work is the method 
of measuring the quantities considered. 
Professor Stanley remarks: ‘‘ We must first 
devise some method of measuring interest ;’’ it 


* follows that we cannot determine this law of 


memory because such a method has not been 
found. This is quite true; the proper reply is 
to devise such a method—an undertaking not 
difficult to any one trained in psychological 
experiments. Wecan, however, measure time, 
and have in a number of cases (Wolfe, Ebbing- 
haus) determined the laws of various kinds of 
memory as depending on time or M=f(t). The 
ideal solution—which Professor Stanley seems 
to expect at the start—is M=F (a, b, c,..., 4, 
.,t, ..., 2) or the determination of the 
complete law of memory as depending on 
every possible circumstance. Perhaps some 
day psychology will make some approximation 
to such a solution; at present it must remain 
content with determining single laws. 
Professor Stanley is quite wrong in assuming 
that this method is peculiarly a physical method. 
It belongs no more to physics than to chemistry 
(see the late works on mathematical chemistry), 
to political economy (Carnot, Jevons, Fisher), 
to biology (Pearson). It is merely a fundamen- 
tal method of thought which is applicable wher- 
ever measurements can be made. In fact, we 
can reply to Professor Stanley that his science 
of genetic psychology must inevitably come to 
the use of this very method. Every single fac- 
tor influencing the life of an individual or 
community acts to a degree depending on its 
intensity according to some law ; supposing all 
other factors to remain constant, this law is 
given by its action under those circumstances. 
By carefully measuring the action of each factor 
and its result on each property of mental life, 
the genetic psychologist could state the result 
as a series of laws of mental development. To 
be sure, this is rather a difficult task to propose, 
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but we may confidently expect the beginnings 
of such a genetic psychology in the future. At 
any rate, in this field, as in most other fields, 
progress and profit are increased by greater ex- 
actness and care, by more accurate and conven- 
ient apparatus and by shorter and more definite 
methods. These elements are the ones which 
experimental psychology is trying to introduce 
into the exploration of mental life. The fact 
that these methods are somewhat new in psy- 
chological work gives us the right to call a 
system of them a ‘ new psychology.’ 

Professor Stanley’s claim that biology is the 
main standpoint of psychology is quite justified 
— if ‘psychology’ means the science of mental de- 
velopment. It must be remembered, however, 
that there is a fundamental difference in aim 
and method which marks off experimental psy- 
chology from the other mental sciences. Its ob- 
ject is to determine the fundamental laws of 
mental activity in the adult human being under 
ordinary circumstances. The change of the prob- 
lem to child-study, to the development of the 
individual or of the race, or to abnormal circum- 
All 
these sciences are inter-dependent. In fact, 
all these sciences—as Professor Stanley implies 
—are needed for a concrete, practical under- 
standing of mental life; nevertheless conven- 
ience and clearness sometimes require that at- 
tention should be concentrated on one of them 
at a time. 


stances, produces closely related sciences. 


E. W. ScRIPTURE. 
’ NEw Haven, Conn., May 20, 1898. 


FOSSIL FULGUR PERVERSUM AT AVALON, N. J. 


ON page 682 of ScreNcE the quotation from 
Captain Swain, of the Avalon Life Saving 
Station, N. J., with reference to the casting 
ashore of Fulgur perversum is slightly inaccu- 
rate. I now quote from his letter the passage 
Iread at the Academy that ‘‘ the conchs in ques- 
tion come ashore only during a strong north- 
west (not northeast) wind that happens imme- 
diately after a northeast or a southeast gale, a 
northwest wind is the only kind that will bring 
heavy substances ashore, it seems to make the 
surface current offshore, and this creates an 
under current on-shore.’’ I have no doubt that 
Fulgur perversum at the locality is raked out of 
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a fossil bed a short distance offshore, and that 
this off-shore wind after the on-shore gales favors 
the tides and currents in doing so. 

LEWIs WOOLMAN. 


THE DEFINITION OF SPECIES, 

I HAVE stated in this JouRNAL (N.8., VI, 329) 
that I believe the quantitative study of varia- 
tion to be the most pressing problem of biolog- 
ical science. I have consequently read with 
great interest the papers by Professor Daven- 
port and Mr. Blankinship, on ‘A Precise Cri- 
terion of Species’ (page 685 above). It seems 
evident that for the definition of species we 
should not depend on a ‘type specimen,’ the 
one first found, in the best state of preserva- 
tion or the like, but should collate a consider- 
able number of specimens taken at random, and 
when the traits can be measured give the aver- 
ages and the mean deviations. Then, as Mr. 
Davenport explains, we have double-humped 
curves showing a tendency for the type to 
split up, and these are of the greatest possible 
interest to the student of the causes of the evo- 
lution of species. 

When, however, Mr. Davenport proposes to 
use a given relation between the height of the 
smaller hump and the depression between the 
humps*—namely 100 : 50—asa precise criterion 

* This relation depends not only on the distance 
between the apices, but also on the relative number 
of specimens of the two types, which, of course, has 
nothing to do with the difference between the types. 
There are other cases in Mr. Davenport’s paper 
where the statements seem scarcely to take account of. 
the complexity of the problems. It is meaningless to 
say that ‘in some cases fifty per cent. or even more of 
the individuals will occur at the mode’ and that in 
this case the curve is steep. The number of indi- 
viduals at the mode depends on the unit of measure- 
ment selected, and the steepness of the curve is arbi- 
trary. The ‘half range,’ defined as three times the 
‘standard deviation’ (error of mean square), is a 
theoretically impossible point, and could only be de- 
termined approximately from thousands of speci- 
mens. Thus in Mr. Davenport’s Fig. 9 the ‘half 
range’ of the right-hand curve is tripled by a single 
specimen. In all these cases Mr. Davenport neglects 
the probable errors which when reckoned show that 
his distinctions between species and varieties have 
no validity whatever. The data of Fig. 9 can be ex- 
pressed by a curve with a single apex. ‘ 
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of species, I cannot follow him at all. Size and 
weight—the traits that can be measured—are 
especially dependent on the environment and 
variable within the same species. Varieties of 
dogs may not intergrade at all in size and weight, 
or in the relative dimensions of the skeleton, 
but this does not lead us to call them separate 
species. The cephalic index is one of the most 
important differentials in man, but the fact that 
it may not intergrade does not turn races into 
species. The conditions are far more complex 
than Mr. Davenport assumes them to be. A 
certain quantitative amount of intergrading 
may mean entirely different things under dif- 
ferent circumstances, and the various differen- 
tials of a species may intergrade to very dif- 
ferent degrees. It does not follow that the chief 
differential is that quantitative characteristic 
intergrading the least. It may be the teeth or 
the repreductive system or whatever serves 
most conveniently as a basis of classification. 
My excuse for writing on the definition of 
species is that I hold it to be a psychological 
problem. In pre-evolutionary days the natural- 
ist undertook to discover species that had been 
created ; now it is he who creates the species.* 
The problem is analogous to deciding how many 
colors there are in the spectrum; it may be held 
that there are three, or four, or seven, or two- 
hundred. There are, indeed, various criteria 
that may be used in the separation of species, of 
which the most important seem to be: (1) the 
phylogenetic history when known; (2) heredi- 
tary stability and variability ; (3) the tendency 
to cross and the fertility of crosses, and (4) in- 
tergradation. The last named factor is not only 
quantitative, as in the cases given by Mr. Daven- 
port, but also qualitative, and here the natural- 
ist musi try to use as his unit what the psychoi- 
’ ogist calls the ‘ just observable difference.’ The 
degree of distinctness that shall constitute a 


*T fear that I am here sailing under Dr. Merriam’s 
heavy guns. He has written: ‘‘ The function of the 
naturalist is neither to create nor destroy species, but 
to recognize, describe and learn about those which 
nature has established.’”” (ScrENcE, N.S., V., 124.) 
Innumerable coyotes, differing more or less, live or 
have lived, and Dr. Merriam, not nature, has estab- 
lished eleven species. Some other naturalist has 
created the coyotes. 








(N.S. Von. VIL. No. 178. 





species must, like the meaning of every word, 
depend on the best usage. As the usage of the 
best writers is compiled and given currency by 
dictionaries, so the usage of naturalists is com- 
piled and given currency in a work such as Das 
Thierreich. The criterion given prominence by 
Messrs. Davenport and Blankinship should be 
carefully studied, but it is only one of many 
factors, and these must be distinguished and 
adjusted by the powers of observation and 
judgment of the naturalist. The definition of 
species is, as I have said, a psychological prob- 


lem. 
J. McKEEnN CATTELL. 


SCIENTIFIC LITERATURE. 
Contribution towards a Monograph of the Laboul- 
beniacez. By ROLAND THAXTER. Memoirs 
of the American Academy of Arts and Sci- 

ence. 1896. Vol. XII., No. 3. Pp. 189- 

429. 26 plates. 

This is the second important memoir by Dr. 
Thaxter on Entomogenous fungi, the first being 
a monograph of the Entomophthorez. The 
very large number of these plants which are 
being brought to light by the keen observation 
and untiring industry of the author of this 
memoir is a surprise to any one acquainted with 
the literature of the subject. 

As Dr. Thaxter states in the introduction, his 
study of Entomogenous fungi was begun with 
the intention of embodying in a single mono- 
graph all species truly parasitic on insects. But 
the number of species of the Entomoythores 
were sufficient for a monograph of considerable 
proportions, and now the hitherto insignificant 
family of Laboulbeniaces has, under his ind- 
fatigable researches, grown to an order of for- 
midable proportions, while several other groups 
of insect fungi remain yet to be investigated. 

While a few of the members of the genus La- 
boulbenia have been known for nearly one-half a 
century,our knowledge of the development, sex- 
uality and formation of the spores has remained 
very imperfect. This, together with the diffi- 
culty of defining the position of the family in 
relation to other thallophytes, has probably had 
much to do with the almost universal absence 
of treatment of these forms from text-books of 
fungi. 
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The plants are remarkably peculiar in form 
and remarkably simple in structure, and prob- 
ably represent degraded remnants of a more 
complex ancestry. The environment which 
they meet because of the peculiar habitat must 
have had a powerful influence in reducing them 
to their present rather stereotyped morphology. 
For while it has now been shown that there 
are considerable variations in species, and a 
goodly number of both species and genera are 
represented, one is struck by the constantly re- 
curring facies running through many of the 
different genera. 

‘The members of the family are attached to 
the legs or bodies of insects, usually those in- 
habiting damp or wet localities. An individual 
consists of a simple stalk for attachment, which 
bears a simple elongate perithecium as a lateral 
appendage, or is terminated by the same, while 
the antheridia may terminate the plant, or oc- 
cur as a simple or tufted lateral growth. By 
studies of the development of a large number 
of species, and by the examination of a large 
series of forms, the limits of specific variation 
have been quite well determined, so that a 
fairly good basis has been established for the 
recognition of species and genera, and the sys- 
tematic arrangement of the known forms can 
be presented with a good deal of confidence. 

The discovery by Karsten, as early as 1869, 
of a trichogyne on the perethicium, and the fu- 
sion with it of bodies resembling the sperm cells of 
the Rhodophycezx, indicating sexuality in these 
plants, has been fully confirmed by Dr. Thaxter’s 
studies, and we need now only the knowledge 
of the actual nuclear fusions in the different 
steps of fertilization to show how the ascus orig- 
inates as a result. The female organ shows a 
‘striking resemblance to the trichophoric appa- 
ratus in certain of these alge, as suggested first 
by Karsten. These investigations serve to con- 
firm this view, and the conclusion is drawn 
that this family of ascomycetes has originated 
from the Florides, and may possibly have been 
the point of origin of the ascomycetous fungi, 
Twenty-eight genera and one hundred and 
fifty-two species are described and illustrated ; 
the larger majority of these are named by the 
author. 


Gero. F. ATKINSON. 
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A Report on the Work and Expenditures of the 
Agricultural Experiment Stations for the Year 
Ended June 30, 1897. By A.C. Trug. U.S. 
Department of Agriculture, Office of Experi- 
ment Stations, Bulletin 50. 1898. Pp. 97. 
This valuable document should be perused by 

every friend of science in America. Dr. True, 
the Director of the Office of Experiment Sta- 
tions, has not only followed the work of the 
stations from his office in Washington for many 
years, but has himself visited and critically in- 
vestigated every one of them. Unlike many 
critics of station work, he has been slow in 
arriving at conclusions; erring, if at all, on the 
side of extreme caution rather than of haste. 
His natural bias of mind seems to be conserva- 
tive, and added to this is his evident sense of 
the responsibility of his position; so that we 
may be sure his criticisms and suggestions for 
reform are only those which he has felt forced 
to make in the face of overwhelming evi- 
dence. 

Yet we read these words (pp. 6-7): ‘‘In one 
respect the past year has been a period of un- 
usual discouragement to those who have the 
best interests of the experiment stations at 
heart. From changes in the constitution of the 
governing boards, due to legislative action, 
changes in the Governors having power of ap- 
pointment or removal of members of these 
boards, and other causes, the Directors of the 
stations in ten States and Territories have been 
changed since the last [annual] report was pre- 
pared. In several cases the Directors removed 
had had long and successful experience in the 
management of the stations and had made their 
work increasingly useful. In these and other 
cases the removal of the Director was accom- 
panied by a further reorganization of the station 
staff. * * * The numerous changes in the 
station staffs recently made are calculated to 
shake faith in the wisdom of committing the 
stations so fully to the control of the local 
boards.’’ 

Taking the stations separately, we find : 

Idaho.—‘‘ The station has fallen behind in its 
publications; its finances have been in an un- 
satisfactory condition, and its operations have 
been very largely of a superficial character.’’ 

Kansas.—‘‘ Out of fourteen persons constitut- 
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ing the station staff, whose names were pub- 
lished in our official organization list, February, 
1897, six are now on the staff, three of the 
officers retained being assistants. Our exami- 
nation of the expenditures, publications and 
work of the station has not revealed any good 
and sufficient reasons for this radical reorgani- 
zation.”’ 

North Carolina.—‘‘ The station has been weak- 
ened by the loss [%. e., dismissal] of successful 
and experienced officers and by the uncertain- 
ties attending a change of management and a 
somewhat dubious financial outlook.”’ 

North Dakota.—‘‘ The recent dismissal of the 
experienced veterinarian and the appointment 
of an untried man in his place has awakened 
fears that the influences which hitherto have 
hindered the progress of the station are still at 
work.”’ 

Oregon.—‘' The affairs of the Oregon Station 
during the past year have not been in a satis- 
factory condition. * * * At the close of the 
fiscal year the President and Director was re- 
moved after one year’s service. The Horticul- 
turist and Assistant Botanist were also re- 
moved.”’ 

West Virginia.—‘‘ After some nine years of 
faithful service, during which period he had 
managed the station successfully under unusual 
difficulties * * * the Director was dismissed 
by the board at its first meeting, though no 
charges affecting his personal or professional 
standing were preferred.’’ 

And so forth. Of course, it must not be 
imagined that all the stations are subject to 
these evils, nor would Dr. True admit for a 
moment that the stations as a whole are a fail- 
ure. On the contrary, the splendid work done 


, by many of these institutions, such as those of 


Wisconsin, Ohio, New Jersey, Minnesota, Mas- 
sachusetts, Cornell University, etc., cannot be 
too highly praised or too warmly supported. 
These wisely-governed stations have demon- 
strated beyond question that the money spent 
under the Hatch Act may be made to yield 
handsome profits to the nation; that the ex- 
penditure of national funds for scientific re- 
search is one of the best means of preserving 
and increasing the wealth and reputation of the 
United States. Weare indebted for very much 
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to the laboratories of Europe ; but the time has 
come when one can rarely open a recent 
European work on any branch of agricultural 
science without finding numerous and flattering 
references to the U. 8S. Department of Agri- 
culture and Experiment Stations. If this is 
so, what are the people of the United States 
about that they permit such golden oppor- 
tunities in many cases to be lost—muddled 
away by men of whom it is charitable to sug- 
gest that they are merely incompetent? What 
are the scientific men of this country thinking 
of, that they witness unmoved the desecration 
of the very temples of science? I do not sug- 
gest or know of anything worse than is plainly 
to be read in this report now before us, the 
work of a cautious scientific man, who has had 
every opportunity for ascertaining the actual 
facts. It is not necessary to go behind Dr, 
True’s deliberate statement to find grounds for 
an energetic movement in support of genuine 
scientific work and workers in the experiment 
stations. 

To merely contemplate the virtual loss of so 
many thousand dollars through bad manage- 
ment here and there would give quite an erron- 
eous impression. We can afford to lose the 
whole Hatch fund every year, if it must be, 
without serious detriment to the nation ; but we 
cannot afford to lose the fruits of scientific research, 
which are worth an incalculable sum. If one sta- 
tion has produced good results, so can all, under 
proper control. There is probably not a station 
in which much good work has not been in prog- 
ress at one time or another; but in many in- 
stances the natural fructification of a research 
has been prevented, and in consequence past 
efforts rendered unavailing. 

The duty of scientific men in this matter is 
clear. They should, in the first place, seek to 
become familiar with the good work of the sta- 
tions, so that they can appreciate what is being 
done, and realize how much more might be 
done. They should then make it their business. 
to protest vigorously against every effort to in- 
terfere with competent workers, c™ interrupt 
the continuity of their work ; while at the same 
time educating the people to a sense of the pos- 
sibilities inherent in experimental work. If 
every man of science in this conntry would thus 
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work in the interests of his muse, instead of 
merely for his own selfish ends, the public would 
not be slow to appreciate scientific work more 
nearly in accordance with its merits. 

T. D. A. COCKERELL. 


Il Codice Atlantico di Leonardo da Vinci nella 
biblioteca ambrosiana di Milano. Reprodotto 
e pubblicato dalla Regia Accademia dei Lincei 
sotto gli auspice e col sussido del Re e del 
Governo. Milano. ULrico HoEpLi, Editore 
Librajo della Real Casa e della R. Accademia 
dei Lincei. New York, G. E. Stechert. 
1894-8. 35 parts; 800 pages; 1750 draw- 
ings and illustrations ; folio. $240, 

This magnificent reproduction of the extra- 
ordinary works of one of the most wonderful 
men of genius known to history is a work for 
which the world has long waited. It is issued 
in parts to subscribers, and none are furnished 
to the trade or furnished as complimentary 
copies. Each of its thirty-five parts contains 
40 heliotype plates, reproducing the drawings 
and sketches of the great author, with double 
transcription of the text, and with notes. It 
is printed upon hand-made paper, 38 cm. (15 
in.) by 50 cm. (20 in.) in dimensions; and but 
280 copies, it is stated, will be issued. The 
first 20 copies are supplied to the earliest sub- 
seribers, in order of date, at a discount of 20 
per cent. Inspection is permitted of the first 
part before subscribing. 

The work has been performed under the 
direction of the Italian Ministry of Public In- 
struction, and with direct supervision of the 
Royal Academy, and the transcription was 
made by Dr. John Piumati—already distin- 
guished both for his learning and for his suc- 
cess in earlier and somewhat similar work— 
assisted by Lucas Beltrami, well known in 
connection with his work on the. Vincian Codex 
of the Trivulzian Library. The work is in- 
tended to give as complete a reproduction as 
the existing remains permit of the collection of 
manuscripts of Leonardo, now almost four cen- 
turies old, which, since the death of Menzi, a 
half-century after their completion, have been 
dispersed. 

Pompeo Leoni gathered a large proportion of 
them together, somewhat iater (1587), and pro- 
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duced the ‘Codex Atlanticus’ of that time. 
Cardinal Frederic Borromeo ordered its tran- 
scription in 1626, and his Ambrosian Library 
became its possessor in 1637, meantime an of- 
fer of a thousand doubloons from Charles I. of 
England having been refused. During the last 
century Anthony David made a study of its 
collections in mechanics, and Balthasar Oltroc- 
cio, Governor of Ambrosian Library, made it 
the basis of a Life of Leonardo, later published 
by Amoretti. The Codex itself was captured 
by the French in 1796, and taken to Paris for 
the National Library, where Venturi found it 
and made it the source of his writings upon 
physics and mathematics, largely. 

Libri, Omodeo, Angellucci and others studied 
it in its old home, but the publication of the 
whole collection has only now been undertaken. 
The commencement of the enterprise here illus- 
trated was actually made with the issue of the 
‘Saggio’ at the time of the inauguration of 
the monument to Leonardo, at Milan, in 1872 ; 
its twenty-four plates giving a foretaste of what 
was coming, so interesting and absorbing to 
collectors and admirers of the great soldier, 
poet, engineer, artist, and man of science, as to 
compel immediate assurance of the ultimate 
completion of the work. 

This splendid reproduction will throw new 
light upon the character and achievements of 
the man who has been mainly portrayed by his 
biographers as a sort of Admirable Crichton with 
a genius primarily artistic, and who have ob- 
tained their ideas from such biographies, rather 
than from a source giving a true account of his 
life and his work in all its various fields. Even 
a cyclopedia like Johnson’s, generally regarded 
as having a scientific rather than a literary or 
artistic character, gives prominence to his ac- 
complishments as artist, says little of his 
achievements as soldier, his talents as engineer, 
or his learning in science and in literature. His 
‘Last Supper’ is given deserved attention ; a 
catalogue of his paintings is presented, anda 
good bibliographical list is submitted ; but its 
author says: ‘‘It is impossible, in the space at 
command, to give an account of Leonardo’s 
scientific labors ;’’? and none is given, and but 
little is suggested, to indicate to the reader the 
fact that he was a great military engineer, a 
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talented inventor, a skilled mechanic, and per- 
haps the most learned scientific man of his age 
and nation. 

The fact is that it was Leonardo who re-im- 
ported, more than any other scientific man of 
his time, the sciences of the Saracens, after 
their migration from ancient Greece with the 
disciples of Aristotle and the Ptolemies, and 
their long residence in Egypt, their incorpora- 
tion with the older learning of the Orient and of 
the Arabs, and their purification and systema- 
tization by union with the mathematical, and 
especially the astronomical, sciences of those 
builders of its most solid foundations. It was 
Leonardo who made applied science systematic, 
who studied botany as a biologist, interpreted 
geology, laid the scientific foundation of pro- 
fessional engineering construction, and who, in 
his studies of the true theories of mechanics, 
and of their utilization in the arts of war and 
of peace, made of himself that type of the 
modern man of science now most characteristic 
of our own time, the man of science employing 
a combination of pure and applied science in 
the promotion of all the arts of the civilization 
of his time. These facts are not always even 
suspected by the reader of existing biographies, 
but a study of this unique collection of helio- 
typed plates, fac similes of his drawings, will 
bring the true character and the real life and 
habits of the man into view, and will throw into 
high relief the most important characteristics 
of his genius. 

This graphical autobiography is the story of 
the life and work and inmost thought of the 
man, without intermediary. It shows him 
constantly engaged in devising new machinery, 
usually of war, with new plans for the applica- 
tion of scientific learning, of reduction to prac- 
tice in the art of war, principally, of the then 
novel discoveries of science; utilizing the re- 
turning current of physical, chemical and me- 
chanical sciences ; then recrossing the Mediter- 
ranean, never to be again lost to Europe or the 
world. 

These singularly interesting drawings are re- 
produced with all the fidelity coming of the 
use of heliographic processes; and one of the 
interesting and curious evidences of the fact 
that they are made perfect fac similes, without 
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reference to their character, is seen in the in- 
scriptions, autographic incriptions by Leonardo, 
which must be read by the use of a mirror, 
The Italian is perfectly good and intelligible ; 
but, until it is noted that the plates are thus 
reversed, it is somewhat of a puzzle to the stu- 
dent of Leonardo’s sketches. The whole con- 
stitutes, that form of condensation of the in-« 
vention and the arts for his time, which is simi- 
larly illustrated by Hero, the Greek author, 
many centuries earlier, in his ‘Pneumatica,’ 
and by Branca, by Leupold and by others since, 
in other places and in more modern times. The 
work will have value from many points of view 
and will find its place in every library of im- 
portance. It should, and undoubtedly will, be- 
come familiar soon to all collectors, to all 
men of science, and to the professional poster- 
ity of Leonardo among members of the engi- 
neering professions. Its publication cannot 
fail to add enormously to the fame of an already 
famous man who has rightfully been regarded, 
even in the absence of this testimony, as per- 


haps the most eminent example of the ‘uni- ; 


versal genius,’ in science, literature and art, 
and the arts as well, yet given a place in his- 


tory. 4 


Leonardo, the biologist, anatomist, botanist, — 


hydraulician, geometrician, algebraist, mech- 


anician, optician, the inventor of the marble- — 
sawing machine, a rope-making apparatus, of — 
innumerable varieties of ballistic machines and 

ordnance, the seer of coming steam-engines and’ : 


of steam-navigation and transportation, of — 


steam-guns and breech-loading arms with the — 
‘modern’ screw-breech-block, of canals and ~ 
other engineering works, the maker of un- 
counted plans, designs and inventions; im” 
fact, this Leonardo is revealed, not in biogra- — 
phies, but in his manuscript, of which even this 
great Codex constitutes only a fraction. Such 
widely distributed interests and such variety 

of talent could not be exhibited to-day, evem ~ 
by a man like Leonardo, of rare genius, un-— 
equaled talent, indefatiguable industry and un-— 
limited ambition ; and even in the sixteenth 
century this universality of genius was without” 
rival among men of science, and Leonardo's” 
was the noblest mind of his time. 

R. H. THURSTON. 
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